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 General Introduction  

Fish are an economic and easily digestible source of protein over one billion 

people. Fish considered as a fifth largest agricultural resource. It constitutes the 

significant part of thirty-eight thousand vertebrates perceived all over the world. Nelson 

(2006) estimated that 27,977 species of fish are valid worldwide which came under 62 

orders, 515 families and 4,494 genera, and the number of extant fish species was close to 

32,500. About 11,952 species are usually live in freshwater lakes and rivers. In our Indian 

region, there are two thousand and five hundred species, of which nine hundred and thirty 

are inhabitants of fresh water and the rest in seas (Jayaram, 1999).  

Fish are the keystone species used as an indicator of good water quality and health 

of the aquatic environment (Bijukumar, 2000). They control the distribution as well as 

the richness of other organisms in the aquatic ecosystems. India is sanctified with 

different natural water resources in the form of rivers, streams, reservoirs, wetlands, lakes 

and ponds, etc. that all are natural habitats for fish species. 

 

1. Indian Riverine System: A study area 

Ayappan and Birdar (2004) stated that there are various freshwater fishery sites 

like rivers (45,000 km), canals (1,26,334 km.), ponds, tanks (2.36 million hectares) and 

reservoirs (2.05 million hectares).  

In Indian riverine system, the most important river is Ganga River which is the 

fifth largest river in the world (Welcomme, 1985). The Ganga flows through the India 

and Bangladesh. The River originates from ‘Gaumukh' in the Garhwal Himalaya and 

ends up into the Bay of Bengal. Extreme variation in flow exists within the catchment 

area, and the river transported a vast amount of sediment and distributed across the 

fringing floodplains during the monsoon. The basin of river Ganga has very high cultural, 

heritage and religious values. It supports rich biodiversity, though out of 30 river 

interlinks have been identified (Lakra et al., 2010a, b). The Ganga River Basin is located 

https://en.wikipedia.org/wiki/Trans-boundary_river
https://en.wikipedia.org/wiki/Trans-boundary_river
https://en.wikipedia.org/wiki/Uttarakhand
https://en.wikipedia.org/wiki/Bay_of_Bengal
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70-88
°
30' east and 22

°
-31

°
 north. The source of water in the Ganga are direct seasonal 

rainfall, mainly from the south-west and glacial and snowmelt during the summer. The 

main River Ganga is the combination of two rivers, the Bhagirathi originating at 

Gaumukh from Gangotri glacier and the Alaknanda originating at Satopanth glacier in 

Garhwal Himalayas. The two rivers flow separately for about 200 km and receive several 

small tributaries before they merge at Dev Prayag where it attains the name of Ganges. In 

the plains, the Ganges receives many tributaries such as Ramganga, Gomati, Ghaghara, 

Gandak and Kosi on its left bank. The Mahananda, another major tributary, joins the 

Ganges in Bangladesh. Besides, many tributaries such as Yamuna, Tons, Sone, Punpun, 

Kiul and Ajay accede to the Ganges at its right bank. River Damodar, Rupnarayan and 

Haldi join the Ganges downstream Kolkata. The total length of the Ganges from 

Gaumukh to its mouth at Sagar Island in the Bay of Bengal is 2715 km (Singh, 1996; 

Parua, 2001).  

River Brahmaputra is one of the major rivers of Asia. It originates in the Kailas 

range of the Himalayas at an elevation of 5150 m in China under the name of Yalung 

Zangbo. After flowing for 1700 km parallel to the main range of the Himalayas, it enters 

India, and after passing through 720 km in Assam, it enters Bangladesh below Dhubri 

and after traversing for 279 km joins the Ganges (Padma) at Goalundo in Bangladesh 

(Rao, 1979). It flows Southwest through Assam Valley as Brahmaputra and South 

through Bangladesh as the Jamuna. This river is about 2900 km long. The Brahmaputra 

River system is a virtual lifeline to the seven North-Eastern States of India where it 

covers an area of 5,80,000 km
2
.  

The River Cauvery is one of the major river of India. It originates at Talakaveri 

in the Western Ghats in the state of Karnataka, to Tamil Nadu and across the Southern 

Deccan plateau, emptying into the Bay of Bengal. Cauvery River has many tributaries 

including Shimsha, Hemavathi, Arakavathy, Honnuhole, Lakshmana, Tirtha, Kabini, 

Bhavani, Lokapavani, Noyyal, and the Amaravathi (Jayaram, 1982; Begum and 

Harikrishna, 2008).  

https://en.wikipedia.org/wiki/Bangladesh
https://en.wikipedia.org/wiki/Jamuna_River_(Bangladesh)
https://en.wikipedia.org/wiki/India
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River Krishna is the major river of South-central India. It originates from 

Maharashtra, flows through the Maharashtra, Karnataka, Telangana and Andhra Pradesh 

and meets the sea in the Bay of Bengal. The length of river Krishna is nearly 1,400 km 

east-coast. Vijayawada is the largest city and situated on the bank of river Krishna (Jain 

et al., 2007).  

The Mahanadi River is the third largest in the peninsular region of India. The 

main tributaries are the Suktel, the Jeera, the Jonk, the Ibb, the Ong, and the Tel (Hora, 

1940).  

Narmada River, a west flowing river, is the fifth largest (Vyas and 

Vishwakarma, 2013). River Narmada originates from Amarkantak (Madhya Pradesh) and 

meets in the Gulf of Cambay in Arabian Sea (Gujarat). River Narmada supports a wide 

variety of living organisms that inhabit different stretches of the river depending on the 

ecological conditions (Vyas and Vishwakarma, 2013).  

River Subernrekha originates in the Chotanagpur plateau near Ranchi and 

meanders through the states of Jharkhand, West Bengal and Orissa before draining into 

the Bay of Bengal near Kirtaniya/ Chaumukha in the district of Baleswar (Balasore) in 

Orissa (Karmakar et al., 2008).   

Among the tributaries of Indian riverine system, Betwa River, the river of 

Northern India is a tributary of the Yamuna River. The Betwa falls in the Bundelkhand 

region in central India. It originates in the Raisen district of Madhya Pradesh and joins 

River Yamuna near Hamirpur in Uttar Pradesh, travelling a total distance of about 590 

km (Lakra et al., 2010a, b). The Chambal River is a tributary of the Yamuna River in 

Northern India (Yadav et al., 2014). The Ghaghara River is a major tributary of the 

Ganga river system in Northern India. In Uttar Pradesh, Ghaghara flows in a South-East 

direction to the town of Chhapra where after a course of 570 miles (917 Km) it joins the 

Ganges. The major tributaries of Ghaghara are Rapti, Chhoti Gandak, Sharda and Sarju 

(Sarkar et al., 2012). The river Ramganga, Sharda and Gomati (a major tributary of the 

Ganga river basin in Northern India) is the tributary of River Ganga, and it supports 

https://en.wikipedia.org/wiki/Tributary
https://en.wikipedia.org/wiki/Yamuna
http://en.wikipedia.org/wiki/Tributary
http://en.wikipedia.org/wiki/Yamuna_River
http://en.wikipedia.org/wiki/India
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livelihood for freshwater fish and nutritional security (Sarkar et al., 2012). The River 

Ramganga is one of the principal rivers from the Shiwaliks. Khoh, Kolhu and Mandal are 

tributaries of the Ramganga. Sharda River rises in Lakhimpur Kheeri in the Terai-belt of 

Uttar Pradesh-India (Atkore et al., 2011). Sone River is one of the largest of the Ganges 

Southern tributaries. Hooghly River is a tributary of the Ganges River in West Bengal, 

India. It splits from the Ganges as a canal in Murshidabad District at the Farakka Barrage. 

River Tapti is one of the major rivers flowing in the western part of India. It originates in 

Satpura Mountain in Betul district of Madhya Pradesh and runs through Madhya Pradesh, 

Maharashtra and Gujarat before it meets the Arabian Sea (Lakra et al., 2010a, b).   

Several researchers have studied the fish and biodiversity of the river Ganges and 

its tributaries (Hora, 1929; Srivastava, 1980; Bilgrami and Munshi, 1985; Krishnamurti et 

al., 1991; Revenga and Mock, 2000; Payne et al., 2004; Sinha, 2006; Sarkar et al., 2010). 

The freshwater ecosystem is facing serious threats. Recent estimation of Maclean and 

Jones (1995) and IUCN (2010) suggested that 20 percent of all freshwater species are 

extinct, endangered or vulnerable. There is a loss of aquatic ecosystems and therefore fish 

biodiversity (Ricciardi and Rasmussen, 1999; Gibbs, 2000; Dawson et al., 2003).  

Freshwater fish is one of the threatened taxonomic groups (Darwall and Vie, 

2005; Dudgeon et al., 2006; Sarkar et al., 2008). The disturbance in the ecosystem is 

especially due to human interference (Abell, 2002). Another important reason for their 

extinction is the limitations in the physiology, morphology, and life history of species 

associated with environmental constraints (Williams et al., 2003; Hilbert et al., 2004; 

Skov and Svenning, 2004; Thomas et al., 2004). Because of the sensitive nature of fish 

and habitat disturbance, they often used as bioindicators for the water quality (Chovance 

et al., 2003).   

 

2. Experimental fish: Ompok bimaculatus (Bloch, 1794) (Near Threatened fish) 

The catfish are an important part of the fish fauna, and many of them are 

economically important with high nutritive value (Rajagopal and Davidar, 2008). The 

http://en.wikipedia.org/wiki/Ganges
http://en.wikipedia.org/wiki/Ganges_River
http://en.wikipedia.org/wiki/West_Bengal
http://en.wikipedia.org/wiki/India
http://en.wikipedia.org/wiki/Farakka_Barrage
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diversity of catfish in India is highest in North Eastern hills, Gangetic River system and 

the Western Ghats (Barman, 1994; Thomas et al., 2002).  

The freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) locally known as 

pabda, is an indigenous species. It is popularly known as butter catfish because of its 

flexible bony structure. It has extensive geographical distribution covering South East-

Asia (India, Pakistan, Afghanistan, Myanmar, Thailand, Java, Sumatra, Borneo and 

China (Talwar and Jhingran, 1991; Jayaram, 1999). It has real demand as food material 

because of its good taste and rich lipoprotein content and single line skeletal structure 

(Banik et al., 2011). They are usually carnivorous and insectivorous in nature but 

occasionally feed on crustaceans and planktons (Parameswaran et al., 1970). This fish 

species is widely distributed along the plains and sub-mountain regions in natural water 

bodies, i.e. horse (large natural depressions), bars (oxbow lakes), rivers, bees (low-lying 

seasonal water bodies) and floodplains (Rahman, 1989; Riehl and Baensch, 1991). Due to 

rich lipoprotein content, this fish is highly nutritious to the people.  

 Over the last few decades, the ecology of the riverine system has suffered from 

anthropogenic factors. This leads to industrial pollution, pesticide, extensive habitat 

destruction and defragmentation, riverine siltation, disease, pollution, poisoning, 

destructive fishing in breeding season, proliferation of exotic fish species and high 

exploitation (Arthington and Welcomme, 1995; Ricciardi and Rasmussen, 1999; Gibbs, 

2000; Dawson et al., 2003; Arthington et al., 2004; Szollosi-Nagy, 2004; Dudgeon et al., 

2006; Lima-Junior et al., 2006; De Silva and Abery, 2007; Chakrabarti et al., 2009; 

Sarma et al., 2012; Banik and Malla, 2014). According to Leveque et al. (2005) and Mas-

Marti et al. (2010), the global climate change was also one of the reason for population 

reduction. As a consequence, the population of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) is drastically reduced and has listed as a near threatened 

species as per IUCN (International Union for the Conservation of Nature and Natural 

Resources, List of Threatened Species (Version 3.1) (Ng et al., 2010).  
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Therefore, to conserve and sustainable management of this near threatened 

catfish, induced breeding is urgently needed. So far breeding biology is concerned, and 

also success has been achieved in many catfish induced breeding at the captive condition 

in India. There are studies related to captivity breeding of catfish (Raj, 1962; 

Akhteruzzaman et al., 1993; Cheah and Yeo, 1994; Goswami and Sarma, 1997; 

Bhowmik et al., 2000; Mukherjee and Das, 2001; Das, 2002; Haniffa and Sridhar, 2002;  

Das and Kalita, 2003; Mollah, 2003; Mahapatra, 2004; Chakrabarty and Chakrabarty, 

2005; Sahoo et al., 2005; Sarkar et al., 2005; Hossain et al., 2006; Hussain, 2006; 

Mahmood, 2006; Chakrabarty et al., 2006, 2007, 2008; Roy et al., 2007; Rahman et al., 

2008). The Indian freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) was 

artificially spawned to propagate its existing population (Choudhury, 1962; Sridharan et 

al., 1998).  

 

2.1.  Systematic position  

Group: Pisces 

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Gnathostomata  

Class: Osteichthyes  

Subclass: Actinopterygii  

Division: Teleostei  

Subdivision: Euteleostei  

Superorder: Ostariophysi  

Order: Siluriformes  

Family: Siluridae  

Genus: Ompok (Lacepede, 1803)  

Species: bimaculatus  

  (Bloch, 1794)  
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2.2.  Morphology 

The catfish Ompok, is Silurid fish, has a short dorsal fin with four rays. Anal fin is 

long, inserted well behind the dorsal fin. The caudal fin strongly forked. The eye is 

subcutaneous, immediately posterior to the mouth rictus and two patches of palatal teeth. 

The body is elongated and compressed. Depressed head and the rounded snout are 

present. Eyes are moderate in size, its lower edge below the level of the cleft of mouth. 

Large and oblique mouth is present. The teeth are in villiform bands on jaws. The lower 

jaw is longer than upper jaw; the width of the gape of the mouth equals half the length of 

the head. Barbels are two pairs. The maxillary pair barbel short and extend slightly 

beyond to anal fin base. The mandibular barbels are very short. Nostrils are widely 

separate from each other. Pectoral spine is moderately strong, usually feebly serrated on 

its inner edge. The body color is silvery grey above and lighter below, with a dark black 

shoulder spot (Rahman, 1989; Talwar and Jhingran, 1991; Rahman, 2005; Parween, 

2007).  

 

2.3.  Reproductive Biology 

Reproduction is a very complex process that involves gametogenesis, 

development of reproductive organs, migration to breeding grounds, courtship behavior, 

breeding, etc. The study of fish reproductive biology is utmost important in pisciculture 

management (Mollet et al., 2000; Chakraborty et al., 2010). This help in increasing the 

technological efficiencies of aqua-culturist. Aquaculture management requires a complete 

knowledge of reproductive biology such as size at maturity, gonadal maturation, 

fecundity, gonadosomatic index (de Carvalho et al., 2009; Fontoura et al., 2009). 

Information about the reproductive season enables us to know about spawning duration 

(Sato and Yoseda, 2008).  

Fish growth, length weight parameters, fecundity have positive influence on 

reproduction. In fish biology, morphometry is an important tool in general and stock 

identification in particular (Cadrin and Friedland, 1999; Hussain et al., 2012; Mir et al., 
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2013). The complete set of measurements used to describe a form is a morphometric 

character set (Strauss and Bond, 1990). The knowledge of length-weight relationship can 

be used to obtain information for a particular fish stock assessment and aquaculture 

management (Morato et al., 2001; Stergiou and Moutopoulos, 2001; Gonzalez et al., 

2004). 

The method of studying the spawning season or reproductive biology is to follow 

the seasonal changes in gonadal weight in relation to body weight, expressed as the 

gonadosomatic index (Dadzie et al., 2000; Ahirrao, 2002). The gonadosomatic index 

(GSI) is a good indicator of reproductive activity, being used to determine the stages of 

gonadal maturation (Hojo et al., 2004). Environmental factors also influence GSI. It is 

helpful in fish breeding too (Belsare, 1962; Lehri, 1968; Shashi and Akela, 1996). The 

reproductive strategies and fecundity are important in aquaculture management and 

conservation (Maurice and Burton, 1984; Manna and Raut, 1991; Hunter et al., 1992; 

Alam and Das, 1996; Sato et al., 2003). The fecundity varies among different species and 

also within the same species depending upon the internal and external environment 

(Somvanshi, 1985; Kulshrestha et al., 1990; Barmanh and Saikia, 1995; Shinde et al., 

2002). Fecundity is the actual reproductive rate of an organism or population, measured 

by the number of gametes (eggs) (Eugene, 1958; Etienne, 1982).  

The fish have different reproductive cycle depending on the natural environmental 

conditions. The spawning time in annual spawner has developed as a response to 

maximize the eggs and fry survival of that particular fish. It depends on several ultimate 

factors; some of these factors include water quality, food availability, and reduced 

number of predators (Iwama et al., 1997). The annual gonadal cycle of any fish depends 

on the external signals received from the environment. Water temperature and 

photoperiod are the most important environmental factors, influencing the reproductive 

functions of fish (Lam, 1983; Lamba et al., 1983; MacKenzie et al., 1989; Peter and Yu, 

1997). Rain has described as another important factor in regulating the reproductive 

function (Lamba et al., 1983; Gentile et al., 1986; Singh and Singh, 1987; Machado-

Allison, 1992, 1994; Marcano et al., 2007). The gonadal maturation is started a few 

https://en.wikipedia.org/wiki/Gamete
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months before the beginning of the rainy season (Machado-Allison, 1987). Factors such 

as physical and chemical changes in the water (pH, conductivity, oxygen concentration, 

temperature), and the full availability of shelter, phytoplankton and zooplankton, larvae, 

seeds, etc., have been found to have variable effects on different species during the rainy 

season (Machado-Allison, 1987). In most teleost fish, the gonadal recrudescence process 

positively correlated with the progress of the dry season, in such a manner that the 

maximum maturational stage is achieved by the end of the dry season (Gonzalez, 1980; 

Gentile et al., 1986; Guerrero et al., 1990). The onset of the rainy season provides 

favorable environmental conditions, promotes spawning and spermiation. Breeding, 

which is completed in a very short time, is followed by a period of sexual quiescence 

during the rainy season. There are several studies on fish reproductive or teleost breeding 

(Clark, 1934; Yuen, 1955; Devaraj, 1973; Sobhana and Nair, 1974; Babiker and Ibrahim, 

1979; Blay and Eyeson, 1982; Cyrus and Blaber, 1984; Bagarinao et al., 1986; 

Witthames and Walker, 1987; Choudhury et al., 1990; Hossain, et al., 1992; Koya et al., 

1995; Begum, 1997; Kamisaka et al., 1999; Bhowmik et al., 2000; Sarkar et al., 2005; 

Leonardos et al., 2009; Banik et al., 2011; Banik and Bhattacharya, 2012). 
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3. Objectives 

The reproductive responses depended on many natural and aquatic environmental 

factors. The present study provides effective knowledge for spawning pattern of 

freshwater butter catfish, Ompok bimaculatus (Bloch, 1794). The objectives of the 

present work were as followed:  

1. Exploration of morpho-metric and reproductive parameters of freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794) in different Indian major rives and 

their tributaries. 

2. Annual reproductive cycle of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794) in Lucknow region. 

3. Induced breeding performance of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794) with different hormones. 

The thesis is divided into 3 chapters, besides a general introduction, consolidated 

summary and conclusion. The chapters were written in research manuscript form and 

references of all chapters were compiled at the end of the thesis to avoid repetition. 
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Chapter I 

Exploration of morpho-metric and reproductive 

parameters of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) in different Indian 

rivers  

 

ABSTRACT 

The present work was focused to explore the freshwater butter catfish Ompok 

bimaculatus (Bloch, 1794) from wild population of different Indian rivers (Betwa, 

Brahmaputra, Cauvery, Chambal, Ganga, Ghaghara, Gomati, Hooghly, Krishna, 

Mahanadi, Narmada, Ramganga, Sharda, Sone, Subarnarekha, and Tapti). The 

exploration was performed in relation to morpho-metric and reproductive parameters 

assessment viz., body weight and depth, total length, fork length, standard length, 

gonadal weight, gonadosomatic index, ovarian protein, fecundity, oocyte weight and 

oocyte diameter. There was significant correlation between different studied parameters 

of explored Indian rivers (p < 0.05). The result found that River Narmada has best sample 

of Ompok bimaculatus in respect to body weight (95.8±18.8 gm) and depth (59.1±5.4 

mm), total length (283.1±38.8 mm), fork length (256.4±35.1 mm), standard length 

(239.0±33.4 mm), gonadal weight (14.08±0.95), gonadosomatic index (14.79±0.004), 

ovarian protein (7.98±0.0003) and fecundity (21512.57±5606.06). However, oocyte 

weight was higher in Krishna River sample and oocyte diameter was higher in Cauvery 

River sample. Changes in gonadosomatic index (GSI), ovarian protein and ovarian 
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histology were also observed in preparatory, pre-spawning and spawning phase of 

reproductive cycle. GSI and ovarian protein concentration distributions were correlated 

significantly (p < 0.05) by linear regression analysis. The histological assessment showed 

that ovaries exhibited seven stages of oocyte development, which were oogonia, 

chromatin nucleolar, early perinucleolar, yolk granules, late perinucleolar, vitellogenesis 

and vitellogenic oocyte stages in all the three phases of reproduction. The observation of 

fish sampled from different Indian rivers showed that Narmada River has better adaptive 

condition for growth and breeding of O. bimaculatus in comparison of others rivers.  

Keywords: Ompok bimaculatus, morpho-metric, reproductive parameters, Indian Rivers. 

 

1. Introduction 

Rivers have played a critical role in the growth of human civilizations across the 

globe. Humans have interacted with rivers and their floodplains. Rivers are well-known 

habitat for fish. Very few studies have been made on the ecology in relation to the 

Riverine fisheries (Singh et al., 1988; Biswas and Michael, 1992; Biswas et al., 1995; 

Biswas and Boruah, 2000a, b). The total length of Rivers in India is about 29,000 km. In 

India, the rivers support rich biodiversity and offer livelihood and nutritional security but 

unfortunately this has been less studied from conservation planning and management 

point of view. Although, studies on the fish fauna of the River Ganges and its tributaries 

have been made by several authors and information was mostly reported on the 

systematic, bio-geographical and ecological aspects (Hamilton, 1822; Day, 1875-1878; 

Bilgrami and Munshi, 1985; Krishnamurti et al., 1991; Payne et al., 2004; Sarkar et al., 

2010) but these information are still inadequate to address the critical issues related to the 

conservation of fish. 

Today fish diversity and associated reproductive biology are a great challenge 

(Dudgeon et al., 2006). There is a lack of information related to reproductive aspects of 

near threatened fish and its conservation and management planning except few (Payne et 

al., 2004; Sarkar et al., 2008a, 2010). In order to correlate the environmental health of the 
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ecosystem of different Indian Rivers, Ompok bimaculatus fish species was monitored for 

different ecological exposure and biological effects by measuring a suite of biological 

responses on biological scales as a morpho-metric analysis and reproductive outcomes.  

Morphometry (Gk: morphe: shape or form; metria: measurement) is one of the 

commonly used method (Sajina et al., 2011), which refers to quantitative analysis of 

forms, i.e., size and shape (Anonymous, 2015). It has been used not only to differentiate 

taxonomic units but the variations of its features are probably related to the habit and 

habitat among the variants in this species (Ambily and Nandan, 2010). It gives substantial 

information with regard to exact identification key of the species (Cavalcanti et al., 

1999). Morpho-metric characterization may also be able to provide conceptual links 

between morphology and the genetic, developmental and evolutionary processes and 

factors that influence it (Sajina et al., 2011; Anonymous, 2015). Fish morphology is 

significantly influenced by environmental conditions (Szczyglinska, 1980a, b; 

McLaughlin and Grant, 1994; Brinsmead and Fox, 2002; Neat et al., 2003). A number of 

authors working on fish morphology attempted to find the possible influence on the body 

ratio and morphological features in individuals of fish from different habitats (Taylor, 

1986; Dynes et al., 1999; Von Cramon Taubadel et al., 2005; Sacotte and Magnan, 2006). 

Another important parameter is length-weight relationship which was first time 

described by Huxley (1924) as the relationship between length and weight. The power 

function, suggested by him, has proved to be a useful model for weight as function of 

length (Anderson and Gutreuter, 1983). Pauly (1983) reported the importance of length-

weight relationship in the calculation of an equation of growth in length into an equation 

of growth in weight. Whereas Arslan et al. (2004) stated that it is usually easier to 

measure length than weight and weight can be predicted later on using the length-weight 

relationship. Length-weight relationships are major tools for precise estimation of 

biomass and calculation of length frequency (Petrakis and Stergiou, 1995; Pauly and 

Gayanilo, 1996). The concise relationship between body weight and length is always a 

unique; different among species of fish and even fish of same species and this reflects 

innate, specific, robustness of fish and inherited body shape configuration (Bayley, 
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1991). It is also an essential component of morphological and statistical analysis of fish 

growth, length and age ecological patterns and such other population structures (Kohler 

et al., 1995). It is also used to evaluate the relative condition of fish (Le Cren, 1951; 

Bagenal and Tesch, 1978; Petrakis and Stergious, 1995) and to understand the biological 

changes in fish stocks (Le Cren, 1951). It also used to know about the reproductive 

history or life history of fish and morphological comparisons of population from different 

regions (Wooton, 1990; Wootton, 1992; Petrakis and Stergiou, 1995).  

Besides the morpho-metric study tools, the main aspects that comprise the 

reproductive strategy of fish species are gonadosomatic index (GSI), ovary weight, 

ovarian protein concentration, fecundity, oocyte diameter, oocyte weight and ovarian 

morphology. Understanding these aspects can be considered as the first step in 

establishing the principal life-history patterns of fish species and in determining the 

suitability of geographic and aquatic ecological area (Matthews, 1998; Mazzoni and 

Silva, 2006). This will help in observing the environmental stress and long term negative 

effects on population. Fecundity, GSI and ovarian protein level are important to estimate 

the reproductive potential of a fish species in relation to their size and environmental 

conditions in which they live (Bagenal and Braum, 1978; Fawole and Arawomo, 2000; 

Brown-Peterson et al., 2002). 

The gonadosomatic index (GSI) is one of the important parameters of the fish 

biology, expresses either gonadal recrudescence or gonad growth from the regressed state 

to full maturity (Sathyanesan, 1959; Belsare, 1962; Lehri 1968; Siddiqui, 1977; Saksena, 

1987; Shashi and Akela, 1996; Rao et al., 1999; Mohan and Jhajhria, 2001; Gupta and 

Shrivastava, 2001; Hojo et al., 2004; Shankar and Kulkarni, 2005). Hogg (1976) reported 

that GSI values are better observed in the rainy season which is the peak spawning 

season. It measures the cyclic changes in gonadal weight in relation to total fish weight 

(Ahirrao, 2002). 

The fecundity of fish is described as seasonal spawning potential and alternatively 

is defined as the number of ripe eggs between current and next spawning period in a 
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female (Bagenal and Tesch, 1978). The egg production varies not only among different 

species but also within the same species depending upon the length and weight of gonad, 

influenced by the environment or geographical distribution (Somvanshi, 1985; 

Kulshrestha et al., 1990; Barmanh and Saikia, 1995; Shinde et al., 2002). Nikolskii 

(1969) indicated that the success on reproductive fertility of fecundity may vary 

depending on the food supply nature and differences, temperature, environmental 

circumstances, stress condition, fish size and length or even due to density-dependent 

mechanisms which are authenticated by Tsai and Gibson (1971), Sztramko and Teleki 

(1977), Bagenal (1978b) and Treasurer (1981). Moreover, smaller fish contains small 

visceral space and ovaries for eggs compared to large fish and therefore, some studies 

indicates that egg development and size related to fish body length and sometime on the 

environmental condition (Bagenal and Tesch, 1978; Hislop, 1988; Wright and Shoesmith, 

1988; Moyle and Cech, 2000). Consequently, scientist generally uses the fecundity 

information to better understand the relationship between the survival species and its 

environment (Iversen, 1996). Recent work on GSI and fecundity was done by several 

workers on different fish (Abedi et al., 2011; Hossain et al., 2012; Isa et al., 2012; Mishra 

and Saksena, 2012; Gupta and Banerjee, 2013; Kasheif-El et al., 2013; Nandikeshwari 

and Anandan, 2013). 

The reproductive organs possess a series of developmental changes which are 

closely accompanied by conspicuous cellular, biochemical, molecular and 

endocrinological changes (Nagahama, 1983; Guraya, 2000). The fish protein are easily 

digested and assimilated. It is mostly incorporated in to muscles of fish. In the breeding 

season, the gonads increase in size; somatic growth slow down and eventually stop. At 

this stage proteins of somatic tissue are transferred to the reproductive organs (Aksnes et 

al., 1986; Chandrasekhara and Krishnan, 2011). The ovarian morphology show signs of 

interaction between pollution and physiological processes (Depledge and Fossi, 1994; 

Ham et al., 1997; Walker, 1998; Adams et al., 1999). The ovarian developmental study is 

very vital for understanding the fish culture and conservation.  

http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#89104_b
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#51817_b
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#51817_b
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#923162_ja
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#923162_ja
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#89104_b
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#923107_ja
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#923165_ja
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#923165_ja
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#88927_b
http://scialert.net/fulltext/?doi=ajava.2012.1100.1109#88922_b
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Ovarian development occurs in three phases which are the primary growth phase, 

secondary growth phase and maturation phase (Coward and Bromage, 1998; Cek et al., 

2001). There are five methods used to determine the gonadal developmental stages of 

fish, which may differ according to their precision, cost and processing time: (1) 

Histological analysis which is the most accurate and effective for increasing efficiency of 

levels of performance ovulation and reproductive pattern (Delahunty and DeVlaming, 

1980) (2) Oocyte size measurement using light microscope: effectively identifies the 

most advanced mode. The most important thing is that the numbers of oocytes measured 

provides acceptably precise estimates (West, 1990) (3) Microscopic classification of 

whole oocytes (4) Macroscopic staging which is a quick and gross method (West, 1990) 

(5) GSI determination which is the least laborious (West, 1990).  

The biological aspects like morpho-metric parameter and length weight 

relationship, and reproductive parameters viz., gonadosomatic index, gonadal weight, 

ovarian protein level, fecundity, oocyte diameter and oocyte weight play a very important 

role in fish conservation. Information about freshwater butter catfish, Ompok bimaculatus 

is scarce. Thus the present study has been undertaken for the first time to generate the 

comprehensive and comparative account of the morpho-metric and reproductive 

outcomes of freshwater butter catfish, Ompok bimaculatus between the different explored 

Indian rivers which could be useful in defining habitat, geographical and ecological 

situations. 

 

2. Materials and Methods 

2.1.  Chemicals 

All the chemicals used in the sample collection, various observations and 

estimations were of analytical grade, and purchased locally from scientific suppliers, 

Lucknow, Uttar Pradesh, India. 

 

2.2. Preliminary sites of sampling fish  
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The freshwater butter catfish Ompok bimaculatus (Bloch, 1794) were collected 

from different wild populations of Indian rivers (viz., Betwa, Brahmaputra, Cauvery, 

Chambal, Ganga, Ghaghara, Godavari, Gomati, Hooghly, Krishna, Mahanadi, Narmada, 

Ramganga, Sharda, Sone, Subernrekha and Tapti). The fish sampling sites and GPS 

coordinates of different explored Indian rivers shown in Table 1 and Figure 1a-1. These 

rivers are distributed in four climatic zones based on the rainfall viz., heavy rainfall with 

more or less moderate temperature, heavy seasonal  rainfall  with  persistent  high  

temperature,  indiscrete rainfall  with  fluctuating  temperature  in  summer  and  winter, 

very low rainfall with high temperature fluctuation in summer. 

 

2.3. Fish sample collection 

The fish were handled in accordance with local/national guidelines for 

experimentation on animals and all care was taken to prevent cruelty of any kind.  

The morning period was selected for sampling. The fish samples were collected 

from gill net and drag net at different sites. The fresh specimen was selected for the 

morpho-metric parameter analysis. The morpho-metric parameters viz., body weight and 

depth, total length, standard length and fork length (Figure 2) were recorded at the 

sampling sites. For reproductive parameters analysis, fish sampled from different sites 

were dissected out to collect ovary. The body and ovarian weight was taken with help of 

digital electronic balance (Smart Aqua Series: 0.01 accuracy) before the further 

examinations. The 5-10 ovarian tissues were kept in a chilled-box properly to bring to 

the laboratory for protein estimation and some tissues were also fixed in Bouin‟s 

solution for histological purpose.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

After 8 hr of fixing in Bouin‟s solution, the ovarian tissue was trimmed in to 

small size sections. Further for remaining 16 hr, the tissue was then fixed in Bouin‟s 

solution. After 24 hr of fixtation, the tissues were fixed into 70% alcohol. For the 

estimation of fecundity and oocyte diameter, the ovary of minimum of 10-15 fish 

collected from different sites were taken out and preserved in 5% formalin. 
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2.4. Study of reproductive parameters 

 The rest of the experiments related to the reproductive parameters assessment of 

freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) from 16 Indian rivers was 

carried out in the laboratory of Department of Applied Animal Sciences, School of 

Biosciences and Biotechnology, Babasaheb Bhimrao Ambedkar University, Lucknow. 

To see the seasonal variation in reproductive parameters viz., gonadosomatic 

index, ovarian protein concentrations and ovarian anatomy of freshwater catfish, Ompok 

bimaculatus (Bloch, 1794) in different reproductive phases (preparatory, pre-spawning 

and spawning phase), nine Indian major rivers (Brahmaputra, Cauvery, Ganga, 

Godavari, Krishna, Mahanadi, Narmada, Subernrekha, Tapti) were selected. 

 

2.4.1. Gonadosomatic index (GSI) 

To understand the reproductive condition of fish, the gonadosomatic indices were 

measured. The gonadosomatic index (GSI) was calculated according to Lagler (1956) as:  

GSI= weight of gonad x 100/ weight of fish 

 

2.4.2. Length –weight relationship 

The various size of freshwater butter catfish, Ompok bimaculatus samples were 

collected from different explored Indian rivers representing different habitats. The 

sampled fish individuals were measured for total length and body weight (determined to 

the nearest 0.01 g using digital electronic balance (Smart Aqua Series: 0.01 accuracy). 

The length- weight relation for female fish was calculated by using the standard equation 

of Huxley (1924): 

W=a L
b
 

This can be expressed in logarithmic form as  
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Log W=log a + b (log L) suggested by Le Cren (1951) 

where,  

W=weight of the fish in g; 

L=length of the fish in mm  

a=intercept; b=regression co-efficient or slope of the line (exponent value).  

 

2.4.3. Estimation of ovarian protein concentration 

The ovarian protein concentration was estimated by the method of Lowry et al., 

(1951) method using crystalline Bovine Serum Albumen (BSA) as standard with a 

spectrophotometer (UV-Thermo). The procedure of estimatuion was given below in the 

perspective sections. The concentration was calculated by using the following formula: 

Protein concentration= O. D. of unknown / O.D. of known × 100 

 

2.4.3.1. Preparation of Reagents 

 Reagent C (alkaline copper sulphate reagent): 50 ml reagent A and 1 ml 

reagent B 

 Reagent A (sodium carbonate 2%): 2 gm of sodium carbonate and 100 ml of 

(0.1 N) NaOH (0.1 N NaOH=0.4 gm of NaOH and 100 ml distilled water) 

 Reagent B (copper sulphate 0.5 %): 0.5 gm copper sulphate and 100 ml of 

sodium potassium tartarate (1.35%) 

 Sodium potassium tartarate (1.35%)=1.35 gm of sodium potassium tartarate 

and 100 ml distilled water. 

 

2.4.3.2. Procedure of standard preparation 

Different concentrations (0.1 ml, 0.2 ml, 0.3 ml, 0.4 ml, 0.5 ml, 0.6 ml) of 

standard solution (0.02 gm Bovine Serum Albumin: BSA and 50 ml 0.1 N NaOH) 

was taken in 6 test tubes separately. 
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Each was then made up to 1 ml with distilled water. 

 

5 ml of alkaline copper sulphate reagent (reagent C) was added to each. 

mixed well and allowed to stand at room temperature for 10 minutes. 

 

0.5 ml of 1 N Folin-Ciocalteu reagent was added: left to stand undisturbed 

for 20 minutes. Appearance of blue colour indicated presence of 

protein. 

 

2.4.3.3. Preparation of ovarian sample 

The ovarian tissues were homogenized in 1ml PBS (Phosphate buffer saline) 

and centrifuged at 5000 rpm for 20 minutes. 

50 µl supernatant of the sample was added with 0.95 ml of distilled water 

Added 5 ml of alkaline copper sulphate 

Allowed to stand for 10 minutes at room temperature 

0.5 ml of 1 N Folin-Ciocalteu reagent was added to the solution and left to 

stand for 20 minutes at room temperature. 

Appearance of blue colour indicated presence of protein 

 

2.4.3.4. Procedure for preparation of Blank 

0.5 ml of distilled water was taken in a test tube 

added 0.5 ml of NaOH  
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then added 5 ml of alkaline copper sulphate (reagent C) and left to stand for 10 

minutes at room temperature 

0.5 ml of 1 N Folin-Ciocalteu reagent was added to it and left to stand for 20 

minutes at room temperature 

Standard solution and samples were run at 650 nm wavelength through the 

spectrophotometer (Thermo electron carporation UV-1) against a reagent blank 

and measured standard solution and sample absorbance of ovarian tissue. 

   

2.4.4. Fecundity 

   For the estimation of fecundity, only mature ova were taken into consideration. 

The ovaries were taken out from formalin solution (5%) and placed between the fold of 

blotting paper. A total of 5 ripe ovaries of fish species of each explored Indian rivers 

were selected. Gravimetric method or weight method (Lagler, 1956) was used for 

estimation of the fecundity of O. bimaculatus. Gravimetric method seemed to offer the 

best possibility of minimizing error due to its simple and easy sampling techniques. The 

Gravimetric or weight method has been successfully used by Doha and Hye (1970), Shafi 

and Quddus (1974), Dewan and Doha (1979), Mustafa et al. (1983). The gravimetric 

method was done by the following way: 

a) Ovaries were cut into some sections or pieces from anterior, middle and posterior 

regions of each ovarian lobe 

b) Weighed adjusted to 0.2 gm each. 

c) Each sub-samples of ovary was spread over slide. 

d) Observe under the binocculer (2X) olympus. 

e) One by one count these eggs of whole slide.  

This value was proportional to the total ovary weight; the number of eggs (F1) for 

the sub-sample was estimated by using the following equation (Yelden and Avsar, 2000): 
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Fecundity (F1)=No. of eggs in the ovary sample x Gonad weight / Ovary sample 

weight 

  Later, by taking the mean number of three sub-sample fecundities (F1, F2 and 

F3), the individual fecundity for each female fish was calculated by the following 

equation:  

Fecundity (Fe)=(F1 + F2 +F3) / 3 

 

2.4.5. Oocyte diameter 

To find out the oocyte diameter, 10 ova were taken randomly from the preserved 

sample of ovaries of three portions of each ovary (anterior, middle and posterior region). 

These samples were spread uniformly over a glass slide. The diameters of ova were 

measured in a straight line under compound microscope at 10X magnification using stage 

and eye-ocular micrometer. One micro-meter division (m.d.) of the ocular micrometer 

was equal to 0.016 mm. 

 

2.4.6. Ovarian histological processing   

 The fixed tissues were processed for further process of histology. The procedure 

of histology from fixation to mounting with DPX was given in Table 2. The microscopic 

developmental stages of oocyte were categorized according to Janssen et al. (1995).  

 

2.5. Statistical analysis 

Data were expressed as the mean±SEM. Significance for each parameter in 

different Indian rivers was checked by one way analysis of variance (ANOVA) at p < 

0.001, followed by multiple comparison with Newman-Keuls test p < 0.05 in order to see 

the differences between the locations. To analyze interdependency of the parameters, 

Pearson correlations, was done by using software IBM SPSS (version 20.0). The data 

were also subjected to regression analysis and coefficient of correlation (r
2
).  
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Table 1: The different exploration sites of Indian rivers for collection of freshwater 

butter catfish, Ompok bimaculatus (Bloch, 1794) 

Rivers Sites GPS Coordinates 

Betwa Jhansi N 25°26′55″  E 78°34′11″ 

Brahmaputra Guwahati N 25º13'24'' E 89º41'41'' 

Cauvery Mysore N 11°21 ′40″  E79°49′46 

Chambal Gwalior N 26°29′20″  E 79°15′10″ 

Ganga Farakka N 24°48'58"  E 87°55'55" 

Ghaghara Faizabad N 26°46′07″  E 82°08′06″ 

Godavari Nirmal N 19°55′48″  E 73°31′39″ 

Gomati Lucknow N 25°30′29″  E 83°10′11″ 

Hooghly Naihati N 22°53'19"  E 88°25'22" 

Krishna Vijaywada N 17°55′28″  E 73°39′36″ 

Mahanadi Bhubaneswar N 9°11′50″  E 99°22′57″ 

Narmada Hosangabad N 21º39'3.77'' E 72º48'42.8'' 

Ramganga Bareily N 26°28′21″  E 80°19′52″ 

Sharda Pallia N 28 º16.043' E 08103.991' 

Sone Rewa, Rihand N 25°42′9″ E 84°51′54″ 

Subernrekha Ranchi N 21°33′18″  E 87°23′31″ 

Tapti Surat N 21º14'53.67''E 73º35'21.87'' 
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Table 2: Detailed procedure of histology (fixation, staining, dehydration and mounting) 

with its time interval 

Steps Descriptions Time interval 

Fixation of 

Tissues 

Fixed in Bouin‟s fixative 24 hr 

Washing in tap water and then distilled water 15 min. each (2 

times) 

Dehydration  30% 

alcohol 

50% 

alcohol 

70% 

alcohol 

90% 

alcohol 

100% 

alcohol 

30 min. in each 

Clearing Xylene + absolute 

alcohol (1:1) 

Xylene 15 min. in each 

Embedding Xylene + 

wax (1:1) 

Wax1 Wax2 Wax3 15 min. in first 

step 

30 min. for 

further 

(2 times each) 

Block 

preparation  

Now tissue were placed in the metal L shaped angle kept ready by 

filling with wax and the air bubble arising were removed by using hot 

spatula.   

Trimming  The excess of wax was trimmed out till the material was slightly visible 

and then it was fixed on the block holder for sectioning. 

Sectioning  Sectioning was performed on rotary microtome (Weswox). The sections 

were of 5µm thickness. 

Mounting With Mayer‟s egg albumin; slides were put on hot plate having 

approximately 30-35
0
C temperature. 

Deparaffinised Xylene1 Xylene2 Xylene + absolute alcohol 5 min. (each) 
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(1:1) 

Hydration 100% 

alcohol 

90% 

alcohol 

70% 

alcohol 

50% 

alcohol 

30% 

alcohol 

10 min. (each) 

Washing Distilled water Tap water 10 min. (each) 

Staining Haematoxylin Tap water Distilled water 5-10 min. (each) 

Dehydration 30% alcohol 50% alcohol 70% alcohol 10 min. (each) 

Staining Eosin 90% alcohol 

(1-2 dip) 

100% alcohol then 

Xylene + absolute 

alcohol (1:1) 

2-5 

min. in 

Eosin 

2 min. 

(each) 

Mounting DPX 

Examination The histological sections of gonadal tissues were examined under Bright 

field microscope (Olympus CX41) using micropublisher 3.3 RTV 

camera (Qimaging, BC, Canada) at 20X magnification. 
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Figure 1a: Photographs of different sites of explored Indian rivers (Betwa, 

Brahmaputra and Cauvery Rivers) and sampled freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794).  

Betwa River site and sample 

Brahmaputra River site and sample 

Cauvery River site and sample 
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Ghaghara River site and sample 

Ganga River site and sample 

Figure 1b: Chambal, Ghaghara and Ganga Rivers with their sampled freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794).  

Chambal River site and sample 
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Figure 1c: Godavari, Gomati and Hooghly Rivers with their sampled freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794).  

Gomati River site and sample 

Hooghly River site and sample 

Godavari River site and sample 
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Figure 1d: Krishna, Mahanadi and Narmada Rivers with their sampled freshwater 

butter catfish, Ompok bimaculatus (Bloch, 1794).  

Krishna River site and sample 

Mahanadi River site and sample 

Narmada River site and sample 
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Ramganga River site and sample 

Sharda River site and sample 

Sone River site and sample 

Figure 1e: Ramganga, Sharda and Sone Rivers with their sampled freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794).  
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Subernrekha River site and sample 

Tapti River site and sample 

Figure 1f: Subernrekha and Tapti Rivers with their sampled freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794).  



Chapter 1: Exploration of morpho-metric and reproductive parameters of freshwater butter catfish….. 
   

Ph.D.: Anurag Rawat                               32 | Page 

 

  

Figure 2: Photograph of experimental freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) showing the various observed morpho-metric 

parameters viz., SL: Standard length, FL: Fork length, TL: Total length, BD: body 

depth. 
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3. Result 

3.1. Morpho-metric assessment of freshwater butter catfish, Ompok bimaculatus 

sampled from different explored Indian rivers 

The observation of morpho-metric parameters of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) resulted that there was found a wide range of body weight 

(BW) and body depth (BD) from different rivers (57.3±13.2 to 95.8±18.8 gm: BW and 

38±8.6 to 59.1±5.4 mm: BD). The highest body weight and depth of fish was measured 

in the sample of Narmada River (95.8±18.8 gm: BW and 59.1±5.4 mm: BD) and lowest 

body weight and depth fish was recorded in Hooghly River sample of freshwater butter 

catfish O. bimaculatus (57.3±13.2gm: BW and 38±8.6mm: BD) (Figure 3A). The BW 

and BD showed a significant difference among different explored Indian river for 

freshwater butter catfish Ompok bimaculatus (F=1086.67 for BW and F=1081.72 for BD 

at p < 0.001). 

The other morpho-metric parameters such as total length (TL), fork length (FL) 

and standard length (SL) were also observed in the model fish O. bimaculatus sampled 

from wild population of Indian rivers. The observed reproductive parameters (TL, FL and 

SL) showed a significant difference among different explored rivers of India for 

freshwater butter catfish O. bimaculatus (F=1427.54 for TL; F=1595.46 for FL; 

F=1410.42 for SL at p < 0.001). The result showed that Narmada River had the best 

species in respect to its TL, FL and SL. It had highest total length (283.1±38.8 mm), fork 

length (256.4±35.1 mm) and standard length (239.0±33.4 mm) as compared to other 

sampled fish from explored rivers. The fish sample of lowest TL (192.6±31.4 mm), FL 

(173.9±28.4 mm) and SL (166.1±26.1 mm) was noticed from Hooghly river sample 

(Figure 3B) and the rest of explored river sample of O. bimaculatus came between those 

highest and lowest value of body weight and depth, total length, fork length and standard 

length (Figure 3A and B).  
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3.2. Reproductive parameters assessment of freshwater butter catfish, Ompok 

bimaculatus sampled from different Indian rivers 

The reproductive parameters such as gonadosomatic index (GSI), gonadal weight 

(GW), fecundity, ovarian protein concentration (OPC), oocyte weight (OW) and oocyte 

diameter (OD) of O. bimaculatus was significantly different among different explored 

Indian rivers (F=350.46 of GSI; F=422.6 for GW; F=185.58 for fecundity; F=227.83 for 

OPC). However OW and OD of O. bimaculatus was not significantly different (F=15.63 

for OW; F=27.43 for OD). The GSI of the studied fish sampled from different Indian 

rivers, was varied from 2.35 to 14.79. It was ranged highest for Narmada river 

(14.79±0.004) and lowest for Mahanadi river (2.35±0.005). A similar pattern was 

observed for gonadal weight (mg) with highest gonadal weight (14.08±0.95 mg) for 

Narmada river and lowest for Mahanadi river (2.1±0.35 mg) (Figure 4A).  

The ovarian protein level of O. bimaculatus was varied with different wild 

population of explored rivers. It was ranged from 3.6 to 7.98 mg/ml/100mg tissue weight. 

The highest ovarian protein concentration was recorded for river Narmada (7.98±0.0003 

mg/ml/100mg tissue weight) and lowest from the river Ramganga (3.6±0.0024 

mg/ml/100mg tissue weight) (Figure 4B). It was positively correlated with fecundity. The 

observed range of fecundity was varied from 5293.23 to 21512.57. It was ranged highest 

for river Narmada (21512.57±5606.06) and lowest for river Mahanadi 

(5293.23±1676.96) (Figure 5A). 

The observations of oocyte diameter of O. bimaculatus surveyed from wild 

population among Indian rivers presented the range from 0.21 to 0.34 mm. It was noticed 

that sampled collected from Cauvery river have a higher diameter (0.34±0.04 mm) and 

lowest from Mahanadi (0.21±0.02 mm) (Figure 5B). The oocyte weight was analyzed 

highest in major river Krishna (0.58±0.11 mg) and lowest from river Godavari 

(0.28±0.06 mg) (Figure 5B).  
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3.3. Correlation between morpho-metric and reproductive parameters of freshwater 

butter catfish Ompok bimaculatus 

The correlations between different studied morpho-metric and reproductive 

parameters of O. bimaculatus sampled from explored Indian rivers were noticed by 

Pearson correlation. The correlation (r) and coefficient of correlation (r
2
) was given in the 

Table 3 and 4. The result showed that the highest correlation was exist between fork 

length-standard length (FL-SL), fork length-total length (FL-TL), total length-standard 

length (TL-SL), body depth-fork length (BD-FL), BD-SL, body weight-total length (BW-

TL), BW-SL, BD-TL, BW-BD, ovarian protein concentration-fecundity (OPC-FEC) and 

gonadal weight-gonadosomatic index (GW-GSI) (r > 0.624; p < 0.01). The correlation of 

body depth (BD) versus FL, SL and TL was 0.939, 0.925 and 0.898 at p < 0.01 (Table 3). 

Maximum correlation observed in Fork length- Standard length (FL-SL) (r=0.994; p < 

0.01) and minimum correlation was noticed in body weight-standard length (BW-SL) 

(r=0.624; p < 0.01, Table 3). The moderate correlation was recorded between BW-FL, 

GW-FL, GW-SL, GW-BD, FEC-GW, FEC-GSI, OPC-GW, OPC-GSI (r > 0.525; p < 

0.05, Table 3). The least correlation was recorded between BW-OPC, BW-OD, BW-GW, 

BW-GSI, TL-FEC, TL-OPC, TL-OD, TL-GW, TL-GSI, FL-FEC, FL-OPC, FL-OD, FL-

GSI, SL-FEC, SL-OPC, SL-OD, SL-GSI, BD-FEC, BD-OPC, BD-OD, BD-OW, BD-

GSI, FEC-OW, FEC-OD, OPC-OW, OW-OD, OW-GSI, OD-GW and OD-GSI (r < 

0.525; Table 3). Some negative correlations were also found in BW-FEC, OPC-OD, OW-

BW, OW-FL, OW-TL, OW-SL and OW-GW (Table 3). Hence from the result of 

correlation, it was concluded that body weight of fish appeared to increase with increase 

in body depth, total length, fork length, standard length, gonadal weight, oocyte diameter 

and weight, gonadosomatic index. Equation of regression showed linear line relationship 

between those studied morpho-metric and reproductive parameters (Table 4). 

 

3.4. Length –Weight relationship 

Length-weight relationships of female Ompok bimaculatus (Bloch, 1794) sampled 

from different wild population of Indian rivers viz., Betwa, Brahmaputra, Cauvery, 
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Chambal, Ganga, Ghaghara, Gomati, Hooghly, Krishna, Mahanadi, Narmada, Ramganga, 

Sharda, Sone, Subernrekha and Tapti, were presented in Table 5. Scatter diagrams of 

relationship of length and weight had been plotted separately for different rivers (Figure 

6-8). The isometric relationship was observed only in the fish samples of Betwa River 

and Mahanadi River. River Brahmaputra, Cauvery, Chambal, Ghaghara, Gomati, 

Narmada, Sharda, Sone and Tapti rivers showed negative allometric growth whereas 

River Subernrekha, Ramganga, Krishna, and Hooghly showed positive allometric 

growth. All relationships were highly significant (p < 0.001), with values of r > 0.95. 

 

3.5. Seasonal study   

To conduct seasonal study ,fish sampling was done from nine Indian major rivers 

of India (viz., Brahmaputra, Cauvery, Ganga, Godavari, Krishna, Mahanadi, Narmada, 

Subernrekha and Tapti Rivers) in three different reproductive phases viz., preparatory, 

pre-spawning and spawning to study the seasonal variations in their gonadosomatic 

index, ovarian protein concentration and gonadal development through histology. Due to 

difference in their local habitat i.e. river conditions, wild population of O. bimaculatus 

had difference at their ovarian protein concentration and their fecundity as well. The 

obtained results showed that the freshwater butter catfish, Ompok bimaculatus was more 

or less registered same type of developmental stages in different wild population of 

Indian rivers. 

  

3.5.1. GSI and ovarian protein concentration among different Indian rivers:  

The result predicted that GSI of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794) sampled from different explored Indian major rivers was significantly 

different in different reproductive season (preparatory phase: F=125, pre-spawning phase: 

F=25 and spawning phase: F=89616.67 at p < 0.001; Figure 9, 10). It was ranged from 

0.12±0.17 to 0.33±0.02 in preparatory phase, 0.34±0.04 to 0.48±0.01 in pre-spawning 

phase and 2.35±0.005 to 14.79±0.004 in spawning phase of reproduction. The result 

found that the sampled collected from Ganga river had high GSI in preparatory season 
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whereas samples of Narmada River had high GSI in pre-spawning and spawning phase 

(Figure 9A and B, 10). The lowest GSI was displayed in the sample of Tapti River in 

preparatory phase and Godavari River in pre-spawning phase and Mahanadi River in 

spawning phase. 

The ovarian protein concentration of experimental fish sampled from wild 

population of Indian rivers was varied in respect to rivers and with seasons as well. The 

ovarian protein was varied from 1.05±0.0067 to 2.85±0.0063 mg/ml/100mg tissue weight 

in preparatory phase, 3.1±0.0003 to 3.96±0.001 mg/ml/100mg tissue weight in pre-

spawning phase and 4.35±0.0015 to 7.98±0.0003 mg/ml/100mg tissue weight in 

spawning phase). Highest protein concentration was observed from Ganga (in 

preparatory phase) and from Narmada (in pre-spawning and spawning phase). Protein 

concentrations were low in case of Mahanadi and Godavari as in case of GSI. It showed a 

significant difference among   reproductive phases and sampling areas (Figure. 9A and B, 

10).  

 

3.5.2. Relationship between GSI vs ovarian protein concentration in preparatory, 

prespawning and spawning phase 

The Pearson‟s correlation relationship between gonadosomatic index and ovarian 

protein concentration in preparatory, pre-spawning and spawning phase was found to be 

significantly linear. The correlation (r) values were 0.917, 0.625 and 0.982 in preparatory, 

pre-spawning and spawning phase respectively. The linear regression equation was 

y=0.125x+(-0.025) for preparatory phase, y=0.2x+(-0.1) for pre-spawning phase and 

y=3.5x+(-12) for spawning phase (Figure 11). The linear relationship reflected that on 

increase in GSI of sampled fish O. bimaculatus, ovarian protein content was increasing in 

their respective phase. The correlation coefficient (r
2
) between these parameters in 

preparatory, pre-spawning and spawning phase was (r
2
=0.84; r

2
=0.391; r

2
=0.965) found 

to be highly significant at p < 0.001 level for preparatory, pre-spawning and spawning 

phase (Table 6).   
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3.5.3. Comparison of follicle stages among different explored Rivers 

According to the development and maturity stages, the size, colour and turgidity 

of ovaries were changed. Macroscopic analysis showed that the resting ovaries were 

presented in small sizes and a gelatinous-semi-transparent appearance, while advanced 

maturing and mature ovaries had a vascularized dark brownish one (Table 7). The ovaries 

of preparatory phase were grossly characterized as two lobed, small sizes, slightly pinkish 

and transparent. Histologically ovary contained ogonium and peri-nucleus stage that 

stained basophilic in this season. Some small yolk vesicles were also seen. These early 

oocytes were contained a larger central nucleus. Nucleus had migrated to periphery and 

become eosinophilic. The histological sections of ovary represented that the most of the 

oocytes were in early peri-nucleus follicle stage, whereas the late peri-nucleus follicle 

stages were also distinguishably observed in few of the Rivers viz., Narmada, Tapti and 

Mahanadi river (Table 7; Figure 12, 15). At the maturing stage or pre-spawning phase, an 

increase in ovarian volume observed. It occupied one-fourth of the ventral cavity and 

increasingly vascularized. The oogonia were rounded and grouped and prominent nucleus 

was present. Most of the oogonia were basophilic in nature. Ovigerous folds and yolk 

vesicle were also seen. Germinal layer was going to become thin, the previtline cells were 

seen and oocyte was in oil drop stage and the nature of the oocyte was become slightly 

acidophilic. The histological sections showed large number of VI stage follicles that are 

in their late peri-nucleolus stage (Table 7; Figure: 13, 15). The histological sections of 

spawning phase oocyte had full of lipid yolk and protein yolk in centre. It pushed lipid 

yolk to the periphery. Dark blue colour rounded or hexagonal pre-vitellogenic oocytes 

were present. Oocytes were full of acidophilic yolk. Nucleus deformed, cytoplasm had 

abundant protein yolk globules. The vascular and thin ovarian wall was seen. Large 

mature oocyte with full of lipid yolk was noticed. Some of the oocytes showed germinal 

vesicle (Table: 7; Figure: 14, 15).  
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Table 3: Showing Pearson correlations between different morpho-metric and reproductive parameters (viz., body weight: BW, total 

length: TL, standard length: SL, fork length: FL, body depth: BD, fecundity: FEC, ovarian protein concentration: OPC, oocyte weight: 

OW, oocyte diameter: OD, Gonadal weight: GW and gonadosomatic index: GSI) of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794) sampled from different explored Indian rivers. Asterisks (*) represented the significance level in Pearson correlation.  

Correlations 

 BW TL FL SL BD FEC OPC OW OD GW GSI 

BW 
Pearson Correlation 1 .716

**
 .605

*
 .624

**
 .716

**
 -.044 .125 -.120 .021 .396 .038 

Sig. (2-tailed)  .002 .013 .010 .002 .873 .644 .658 .938 .129 .888 

TL 
Pearson Correlation .716

**
 1 .955

**
 .953

**
 .898

**
 .167 .294 -.097 .225 .451 .195 

Sig. (2-tailed) .002  .000 .000 .000 .536 .269 .720 .401 .080 .469 

FL 
Pearson Correlation .605

*
 .955

**
 1 .994

**
 .939

**
 .338 .361 -.011 .319 .526

*
 .322 

Sig. (2-tailed) .013 .000  .000 .000 .201 .170 .967 .229 .037 .224 

SL 
Pearson Correlation .624

**
 .953

**
 .994

**
 1 .925

**
 .315 .347 -.052 .303 .540

*
 .328 

Sig. (2-tailed) .010 .000 .000  .000 .235 .189 .848 .253 .031 .214 

BD Pearson Correlation .716
**

 .898
**

 .939
**

 .925
**

 1 .339 .369 .005 .266 .571
*
 .333 

 Sig. (2-tailed) .002 .000 .000 .000  .200 .159 .986 .320 .021 .208 

FEC Pearson Correlation -.044 .167 .338 .315 .339 1 .733
**

 .220 .008 .525
*
 .558

*
 

 Sig. (2-tailed) .873 .536 .201 .235 .200  .001 .412 .975 .037 .025 

OPC Pearson Correlation .125 .294 .361 .347 .369 .733
**

 1 .282 -.206 .621
*
 .619

*
 

 Sig. (2-tailed) .644 .269 .170 .189 .159 .001  .290 .445 .010 .010 

OW Pearson Correlation -.120 -.097 -.011 -.052 .005 .220 .282 1 .293 -.008 .033 

Contd…. 
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 Sig. (2-tailed) .658 .720 .967 .848 .986 .412 .290  .270 .978 .905 

OD Pearson Correlation .021 .225 .319 .303 .266 .008 -.206 .293 1 .116 .096 

 Sig. (2-tailed) .938 .401 .229 .253 .320 .975 .445 .270  .668 .722 

GW Pearson Correlation .396 .451 .526
*
 .540

*
 .571

*
 .525

*
 .621

*
 -.008 .116 1 .926

**
 

 Sig. (2-tailed) .129 .080 .037 .031 .021 .037 .010 .978 .668  .000 

GSI Pearson Correlation .038 .195 .322 .328 .333 .558
*
 .619

*
 .033 .096 .926

**
 1 

 Sig. (2-tailed) .888 .469 .224 .214 .208 .025 .010 .905 .722 .000  

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 
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Table 4: Showing coefficient of correlation (r
2
) and regression line equation between 

morpho-metric and reproductive parameters (body weight: BW, total length: TL, standard 

length: SL, fork length: FL, body depth: BD, fecundity: FEC, ovarian protein 

concentration: OPC, oocyte weight: OW, oocyte diameter: OD, Gonadal weight: GW and 

gonadosomatic index: GSI) of freshwater butter catfish, Ompok bimaculatus (Bloch, 

1794) sampled from different explored Indian rivers.  

S. 

No. 

Studied 

Parameters 

r
2
 Regression line equation 

(y=Ax+B) 

1 BW-BD 0.513 y=1.583x+4.104 

2 BW-TL 0.512 y=0.369x+(-3.691) 

3 BW-FL 0.366 y=0.33x+12.006 

4 BW-SL 0.389 y=0.381x+6.297 

5 BW-GW 0.156 y=1.565x+67.795 

6 BW-GSI 0.001 y=0.143x+77.959 

7 BW-FECUNDITY 0.002 y=0x+81.356 

8 BW-OD 0 y=7.214x+77.302 

9 BW-OPC 0.016 y=1.229x+72.449 

10 BW-OW 0.014 y=(-26.005)x+92.073 

11 BD-TL 0.806 y=0.209x+0.372 

12 BD-FL 0.882 y=0.232x+0.188 

13 BD-SL 0.856 y=0.256x+0.256 

14 BD-GW 0.326 y=1.023x+39.984 

15 BD-GSI 0.111 y=0.564x+42.289 

16 BD-FECUNDITY 0.115 y=0x+40.184 

17 BD-OD 0.071 y=41.169x+36.192 

18 BD-OPC 0.136 y=1.639x+38.374 

19 BD-OW 0 y=0.454x+47.264 

20 TL-FL 0.913 y=1.011x+18.695 

21 TL-SL 0.907 y=1.130x+8.697 

22 TL-GW 0.203 y=3.456x+199.667 

23 TL-GSI 0.038 y=1.419x+212.011 

24 TL-FECUNDITY 0.028 y=0.001x+209.611 

25 TL-OD 0.051 y=149.815x+183.988 

26 TL-OPC 0.086 y=5.598x+193.976 

27 TL-OW 0.009 y=(-40.831)x+245.177 

28 FL-SL 0.989 y=1.115x+(-9.345) 

Contd…. 
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29 FL-GW 0.276 y=3.817x+176.139 

30 FL-GSI 0.104 y=2.214x+183.739 

31 FL-FECUNDITY 0.114 y=0.002x+174.613 

32 FL-OD 0.102 y=200.31x+149.184 

33 FL-OPC 0.13 y=6.495x+168.023 

34 FL-OW 0 y=(-4.502)x+206.358 

35 SL-GW 0.292 y=3.499x+165.872 

36 SL-GSI 0.108 y=2.014x+172.985 

37 SL-FECUNDITY 0.099 y=0.002x+166.96 

38 SL-OD 0.092 y=170.043x+144.88 

39 SL-OPC 0.12 y=5.566x+160.6 

40 SL-OW 0.069 y=(-18.44)x+200.614 

41 GW-GSI 0.857 y=0.876x+(-0.739) 

42 GW-FECUNDITY 0.275 y=0x+1.016 

43 GW-OD 0.014 y=10.071x+4.574 

44 GW-OPC 0.386 y=1.539x+(-1.219) 

45 GW-OW 0 y=(-0.416)x+7.542 

46 GSI-FECUNDITY 0.311 y=0x+2.117 

47 GSI-OD 0.009 y=8.811x+6.799 

48 GSI-OPC 0.384 y=1.622x+0.2 

49 GSI-OW 0.001 y=1.883x+8.29 

50 FECUNDITY-OD 0 y=956.33x+15481.74 

51 FECUNDITY-OPC 0.538 y=2.375x+25.37 

52 FECUNDITY-OW 0.049 y=15754.33x+7994.97 

53 OD-OPC 0.042 y=(-0.006)x+0.307 

54 OD-OW 0.086 y=0.186x+0.183 

56 OW-OPC 0.08 y=0.013x+0.421 
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Table 5: Showing length weight relationship represent coefficients (a: intercept and b: 

slope) and r
2
 for freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) collected 

from different explored Indian rivers. 

S. 

No. 

Rivers Intercept, 

a  

Slope, b 95%cl of  

a 

95%cl of  

b 

r² 

1 Betwa 0.72 2.99 

(Isometric) 

-5.57 to  

-4.93 

2.86 to 

3.12 

0.968 

2 Brahmaputra 0.66 2.69 

(Allometric) 

-4.77 to  

-4.41 

2.61 to 

2.77 

0.989 

3 Cauvery 0.52 2.21 

(Allometric) 

-3.75 to  

-2.95 

2.02 to 

2.35  

0.972 

4 Chamabal 0.59 2.43 

(Allometric) 

-4.31 to  

-4.05 

2.25 to 

2.58 

0.961 

5 Ganga 0.7 

 

2.92 

(Isometric) 

-5.30 to  

-4.82 

2.81 to 

3.02 

0.964 

6 Ghaghara 0.63 

 

2.59 

(Allometric) 

-4.53 to 

-4.15 

2.51 to 

2.67 

0.966 

7 Gomti 0.55 2.28 

(Allometric) 

-3.77 to 

-3.40 

2.20 to 

2.36 

0.934 

8 Hooghly 0.77 3.28 

(Allometric) 

-6.88 to  

-5.15 

2.92 to 

3.65 

0.952 

9 Krishna 0.78 3.29 

(Allometric) 

-6.68 to 

-5.59 

3.04 to 

3.53 

0.984 

10 Mahanadi 0.7 2.97 

(Isometric) 

-5.83 to 

-4.42 

2.66 to 

3.28 

0.955 

11 Narmada 0.22 1.44 

(Allometric) 

-1.87 to  

-1.51 

1.36 to 

1.52 

0.984 

12 Ramganga 0.82 

 

3.55 

(Allometric) 

-6.89 to 

-6.40  

3.45 

to3.65 

0.983 

13 Sharda 0.67 2.73 

(Allometric) 

-4.95 to 

-4.51 

2.63 to 

2.82 

0.973 

14 Sone 0.53 

 

2.25 

(Allometric) 

-3.83 to  

-3.02 

2.08 to 

2.42 

0.971 

15 Subernrekha 0.76 

 

3.25 

(Allometric) 

-6.15 to -

5.51 

3.11 to 

3.38 

0.993 

16 Tapti 0.48 2.07 

(Allometric) 

-3.41 to 

-2.66 

1.91 to 

2.23 

0.968 

(b=3: Isometric or ≠3: Allometric; Lower than 3: negative allometric and higher than 

3: positive allometric)
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Table 6: Showing Pearson correlations between gonadosomatic index (GSI), ovarian 

protein concentration and fecundity of freshwater butter catfish Ompok bimaculatus 

(Bloch, 1794) of different Indian rivers. Asterisks (*) represented the significance level in 

Pearson correlation. 

 

  

Season Correlations Protein concentration 

Preparatory 

phase 

GSI  Pearson Correlation .917
**

 

Sig. (2-tailed) .001 

Pre-spawning 

phase 

GSI Pearson Correlation .625
*
 

Sig. (2-tailed) .072 

Spawning 

phase 

GSI Pearson Correlation .982
**

 

 Sig. (2-tailed) .000 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 
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Table 7: Showing the ovarian macroscopic and microscopic description of female 

freshwater butter catfish, Ompok bimaculatus (Bloch, 1794). 

Ovarian phase Macroscopic appearance  Histological observation 

Preparatory  Ovary small in size, two lobed, 

slightly pinkish and transparent 

Oogonia, early peri-

nucleolus and chromatin 

nucleolus stage were 

seen. 

Pre-spawning Ovaries occupy one-fourth of the 

ventral cavity, reddish in colour and 

increasingly vascularised  

Oocytes filled with yolk 

granule, vitellogenic and 

late peri-nucleolus 

oocytes.  

Spawning  Highly vascularised, dark brown in 

colour, occupy most of the ventral 

cavity, large and lobular in 

appearance, eggs excruted with 

slight abdominal pressure  

Predominance of 

germinal vesicle 

migratory oocyte and 

vitellogenic oocytes. 
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Figure 3: Showing the variations in morpho-metric parameters of freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794) sampled from different Indian rivers. (A): 

Body weight (gm) and body depth (mm) and (B): Total length (mm), Fork length (mm) 

and Standard length (mm). Data were expressed in mean±SEM. Asterisk showed 

significance at p < 0.001 (one way ANOVA). The bars superscripted with same letter 

showed no significant data (Newman-Keuls test, p < 0.05) whereas different letters 

showed significant difference among Indian rivers.  
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Figure 4: Showing the variations in reproductive parameters of freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794) collected from different Indian rivers in 

relation to gonadal weight (mg) and gonadosomatic index (A), and ovarian protein 

concentration (mg/ml/100mg tissue weight) (B). Data were expressed in mean±SEM. 

Asterisk showed significance at p < 0.001 (one way ANOVA). The bars superscripted 

with same letter showed no significant data (Newman-Keuls test, p < 0.05) whereas 

different letters showed significant difference among Indian rivers.  
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Figure 5: Showing the variations in reproductive parameters of freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794) of different Indian rivers in relation to 

fecundity/100gmBW (A), oocyte weight (mg) and oocyte diameter (mm) (B). Data were 

expressed in mean±SEM. Asterisk showed significance at p < 0.001 (one way ANOVA). 

The bars superscripted with same letter showed no significant data (Newman-Keuls test, 

p < 0.05) whereas different letters showed significant difference among Indian rivers.  
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Figure 6: Regression Curve Showing the relationship between length (cm) and 

weight (gm) of freshwater butter catfish Ompok bimaculatus (Bloch, 1794) sampled 

from different Indian rivers (Betwa, Brahmaputra, Cauvery, Chambal, Ganga and 

Ghaghara). 
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Figure 7: Regression Curve Showing the relationship between length (cm) and 

weight (gm) of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) 

sampled from different Indian rivers (Gomati, Hooghly, Krishna, Mahanadi, 

Narmada and Ramganga). 
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Figure 8: Regression Curve Showing the relationship between length (cm) and 

weight (gm) of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) 

sampled from different Indian rivers (Sharda, Sone, Subernrekha and Tapti) 
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Figure 9: Showing geographical variations of freshwater butter catfish Ompok 

bimaculatus (Bloch, 1794) of different Indian rivers in relation to gonadosomatic index 

(GSI) and ovarian protein concentration (mg/ml/100mg tissue weight) in preparatory 

season (A) and pre-spawning season (B). Data were expressed in mean±SEM. Asterisk 

showed significant at p < 0.001 (one way ANOVA). The bars superscripted with same 

letter showed no significant data (Newman-Keuls test, p < 0.05) whereas different letter 

showed significant difference among Indian rivers. 
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Figure 10: Showing geographical variations of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) of different Indian rivers in relation to gonadosomatic index 

(GSI) and ovarian protein concentration (mg/ml/100mg tissue weight) in spawning phase. 

Data were expressed in mean±SEM. Asterisk showed significant at p < 0.001 (one way 

ANOVA). The bars superscripted with same letter showed no significant data (Newman-

Keuls test, p < 0.05) whereas different letters showed significant difference among Indian 

rivers. 
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Figure 11: Showing correlations between gonadosomatic index and ovarian protein 

concentration of freshwater catfish, Ompok bimaculatus (Bloch, 1794) sampled from 

different Indian rivers in three phases of reproduction: A- preparatory phase, B- pre-

spawning phase, C- spawning phase. 
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Figure 12: Histological presentation of ovarian tissue of freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794) in preparatory phase of different explored Indian 

rivers viz., Brahmaputra, Cauvery, Ganga, Godavari, Krishna, Mahanadi, Narmada, 

Subernrekha and Tapti. Images were acquired at 20X magnification. Note: EP- early 

peri-nucleolus, N- nucleus, O- oogonia and LP- late peri-nucleolus. 
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Figure 13: Histological presentation of ovarian tissue of freshwater butter catfish, 

Ompok  bimaculatus (Bloch, 1794) in pre-spawning phase of different explored Indian 

rivers viz., Brahmaputra, Cauvery, Ganga, Godavari, Krishna, Mahanadi, Narmada, 

Subernrekha and Tapti. Images were acquired at 20X magnification. Note:  LP- Late 

peri-nucleolus and VI: Vitellogenic oocyte. 
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Figure 14: Histological presentation of ovarian tissue of freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794) in spawning phase of different explored Indian 

rivers viz., Brahmaputra, Cauvery, Ganga, Godavari, Krishna, Mahanadi, Narmada, 

Subernrekha and Tapti. Images were acquired at 20X magnification.  Note:  VI: 

Vitellogenic oocyte, GVM: Germinal vesicle migratory oocytes. 
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Figure 15: Showing percentage of oocyte stage frequency in different reproductive 

stages of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) in different 

Indian major rivers in preparatory phase (A), pre-spawning phase (B) and spawning 

phase (C). Note: GVM: Germinal vesicle migratory oocyte.  
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4. Discussion 

During the present study, five morpho-metric traits and six reproductive traits 

were investigated among freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) 

sampled from wild population of different explored Indian rivers viz., Betwa, 

Brahmaputra, Cauvery, Chambal, Ganga, Ghaghara, Gomati, Hooghly, Krishna, 

Mahanadi, Narmada, Ramganga, Sharda, Sone, Subernrekha and Tapti River. The 

samples of different sites were compared. Results supported significant differences 

between morpho-metric and reproductive parameters, fecundity, as well as in the oocyte 

development and size with respect to different riverine system and reproductive phases. 

This analysis of fish biology of O. bimaculatus assists in elucidating that different 

aquatic habitats and environmental conditions influence morpho-metric growth and 

reproductive performance of fish as it affect the maturity of fish. Due to differences in 

geographical conditions of water bodies and environmental condition, this fish showed 

difference in their growth and breeding performance too. The reproductive parameters 

observed in this study can be attributed to the differences in abiotic factors such as 

photoperiod, temperature and rainfall as well as biotic factors like food availability and 

physiological characteristics (Azevedo, 2000) which are generally considered as 

determining factors that trigger the reproductive cycle (Menezes and Vazzoler, 1992).  

It was observed on the basis of variations in studied parameters of O. bimaculatus 

from 16 rivers, fish can be divided in high absolute, moderate absolute and low absolute 

category. Though result of different parameters from varied geographical rivers, overlap 

with each other. One of the major keys in fish biology are morpho-metric characters as 

they are important for systematics, estimation of growth variability, ontogeny (Kovac and 

Copp, 1999) and population-level studies (Verep et al., 2006). Results showed that the 

healthier and longer freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) 

population was observed in Narmada River at Hosangabad site and small size population 

of O. bimaculatus were found in Hooghly River at Naihati site. Heterogeneity in these 

characteristics may be due to the difference in their habitats. Sfakianakis et al. (2011) and 
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Georgakopoulou et al. (2007) had concluded that morpho-metric characters were changed 

with water temperature. Jennings et al. (2001), King (1995) and Bagenal (1978a) reported 

that variations occurred in morpho-metric characteristics among similar species of fish 

from different geographic location to be influenced by the environmental variables.  

Length-weight relationship serves as an indicator of various morphological and 

physiological processes (Bagenal and Tesch, 1978). This relationship was also studied by 

many researchers (Yusaf et al., 2009; Naeem et al., 2010a,b, 2011a,b). Fish are said to 

exhibit isometric growth when length increases in equal proportions with body weight for 

constant specific gravity. When the specific gravity of a fish remains unchanged and 

retains the same shape during its lifetime. The length-weight exponent (b) value fall 

approximately around 3.0 and can be said as isometric growth (Siegfried, 1980). The 

River Betwa, Ganga and Mahanadi showed isometric growth. The estimated value of b in 

these rivers was 2.99, 2.97, and 2.92 (p < 0.05). Spencer (1864-1867) described the 

growth of an organism through his „cube law‟ which stated that „In similarly-shaped 

bodies, the masses and, therefore, the weights, vary as the cubes of the dimensions, i.e., 

WαL
3
‟. Accordingly, fish doubled its length by increasing eight times in weight (Froese, 

2006). The experimentally determined value of “b” in several fish species had been 

shown to fluctuate around 3.0 (Ambily and Nandan, 2010; Renjini and Nandan, 2011). 

The value of “b” lies between 2.5 and 3.5, usually close to 3.0 (Pauly, 1984). When b=3, 

the growth is isometric in which it proceeds in the same dimension as the cube of length 

and when b≠3, the growth is allometric in that it proceeds in different dimensions 

(differing from L
3
). Allometric growth can be either positive (b > 3) or negative (b < 3). 

The positive allometric growth for O. bimaculatus was exhibited for Hooghly, Krishna, 

Ramganga and Subernrekha River (b=3.28, 3.29, 3.55, 3.25; p < 0.05; Table 5). 

However, “b” value for studied relationship was lower than 3.0 or 2.9, showed negative 

allometric growth (Thomas et al., 2003; Pervin and Mortuza, 2008). That was represented 

by other explored Rivers (Brahmaputra, Cauvery, Chambal, Ghaghara, Gomati, 

Narmada, Sharda, Sone and Tapti River) (Table 5). When the b value of different wild 

populations was compared, River Betwa showed relatively higher b value (2.99), than 

River Mahanadi (2.97) and River Ganga (2.92). Tesch (1971) also reported that the 
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length-weight relationship in fish can be affected by habitat and area besides other factors 

such as seasonal effect, degree of stomach fullness, gonad maturity, sex, health, 

preservation technique and difference in the observed length ranges of the specimens.  

Gonadosomatic index was the major determinant of reproductive development. 

However its use in examination of reproductive biology is more suitable when it 

associated with the other markers of reproduction viz., ovarian protein, fecundity, 

macroscopic and histological observations. The highest gonadal weight, GSI and ovarian 

protein was found in the sample of Narmada River (14.08±0.95 mg GW, 14.79±0.004 

GSI and 7.98±0.0003 mg/ml/100mg tissue weight ovarian protein concentration) sample 

of O. bimaculatus. The increase in GSI showed advanced developmental stages of 

ovaries (Stoumbondi et al., 1993; Manna et al., 2010). During the preparatory phase in 

which the ovary showed reduced size, the GSI was about 0.12 to 0.33. In the pre-

spawning phase, a wide GSI variation was shown (0.36 to 0.63). Such variation was 

probably due to the oocyte growth and development. In the ripe or spawning stage, GSI 

reached the highest value (2.35 to 14.79) due to increased weight of ovary which 

occupied most of the ventral cavity. GSI also showed higher variation in rainy season 

than the other seasons thus further confirming that the breeding or spawning take place 

during the rainy season (Hoque and Hossain, 1993; Roy and Hossain, 2006; Alam and 

Pathak, 2010).  Most of the Indian freshwater teleosts attained maturity and breed during 

monsoon season (Encina and Lorencio, 1997; Shengde and Mane, 2006). This 

information of gonadosomatic index and measurement of mean ovary diameter in the 

preparatory, pre-spawning and spawning periods may help in fish management in 

determining of maturity and breeding period (Kumar et al., 2003).  

The results showed that the ovarian protein level was varied considerably in the 

different rivers in different reproductive phases and had a linear correlation with 

fecundity, gonadal weight and GSI. The factors that improve ovarian protein 

concentration will improve fish fecundity as well as gonadosomatic index. Increase in 

protein content of muscle was attributed in increment with gonadal maturation which was 

the result of active feeding in pre-spawning phase (Srikar et al., 1979; Somvanshi, 1983; 
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Luzzana et al., 1996). During spawning phase (i.e. Late June to August) protein 

concentration was increased and reached maximum which was attributed to lower 

metabolic activity (Bano, 1977; Macay and Tunison, 1936). The building up of the gonad 

is always accomplished at the expense of body protein (Love, 1970). Therefore the 

protein cycle in fish can be synchronized with the fish maturity than feeding (Shreni and 

Kalpana, 1980).  

Fecundity of studied fish was different depending on explored Indian rivers. 

According to Murua et al. (2003), fecundity was influenced by variation in environmental 

conditions such as temperature, food availability, habitat and predation intensity. It varied 

with the variation in reproductive characteristics of species viz., size, weight, gonadal 

weight and locality (Mekkawy and Hassan, 2011). The assessment of fecundity is one of 

the important components of reproductive biology (Nikolskii, 1963; Khallaf and 

Authman, 1991; Menezes and Vazoller 1992; Chech and Moyle 2004). Fecundity is a 

life-history trait that can be estimated by the number of oocytes that complete their 

development and are released in each reproductive period, i.e., reproductive investment. 

The findings of the present study for fecundity and oocyte diameter were parallel with the 

findings of Vazzoler (1996). According to Nikolskii (1969), the variation in fecundity of 

species that occupied different locations can be related to food supply, size of first 

gonadal maturation, longevity, population density, temperature and latitude. Besides, 

there are other factors that can interfere with fecundity, for example, the type of 

fertilization and care for the offspring. The findings of present investigation showed a 

highest fecundity in Narmada River (21512.57±5606.06) and also found a linear positive 

relationship between fecundity and body weight and gonadal weight of freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794) sampled from different Indian rivers. The 

findings of Sarkar et al. (2002) were in agreement with the present findings who also 

reported an increase in fecundity with increase in size, weight and gonadal weight in 

Mystus gulio. Fecundity exhibited adaptive fluctuations with different habitats which 

reflect changes in the environment. These variations may be due to food supply, 

temperature and habitat (Niklosky, 1969; Mekkawy and Hassan, 2011).  
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The correlation of coefficient and regression equations were shown in Table 3 and 

4, and proved that fecundity had positive highest correlation with ovarian protein 

concentration, gonadal weight and gonadosomatic index. Similar results were shown by 

many workers viz., Khan et al. (2002) reported that a linear relationship existed between 

fecundity and total length, body weight and ovarian weight in Plotosus canius. Saifullah 

et al. (2004) also observed that fecundity was significantly correlated with the body 

length, body weight and gonad weight in Hilsha ilisha from Bay of Bengal. Other same 

reports were observed by Rao and Krishnan (2009) in Epinephelus diacanthus and Abedi 

et al. (2011) in Garra rufa, and Kohinoor et al. (2012) in Notopterus chitala. Mishra and 

Saksena (2012) have reported that the fecundity of Labeo calbasu was increasing with 

the increase in the fish length, fish weight and gonad weight. The fecundity provides 

useful information to conserve the threatened species (Hossain et al., 2012). Oocyte 

weight and diameter may be used as a predictor of developmental stage (Gomes et al., 

2011). Both have shown significant least relationship with fecundity, ovarian protein 

concentration and morpho-metric parameters in all collected samples. Oocyte diameter 

may be used on its own to measure development, but gives little information on the 

physiological status of the ovaries as it was shown no correlation with ovarian protein 

(El-Sayed et al., 2003).  

The fluctuations in gonadosomatic index, ovarian protein level and fecundity of 

freshwater butter catfish, Ompok bimaculatus associated with ovarian histology in 

preparatory, pre-spawning and spawning season of different Indian major rivers was also 

investigated. The result of histological analysis found that during preparatory season, the 

ovaries of O. bimaculatus were predominated by oocytes of peri-nuclear stage with large 

nuclei and many nucleoli of various sizes (Lehri, 1968, Khanna and Pant, 1996). During 

pre-spawning phase, ovaries were enlarged and various cytological changes were 

observed in the oocytes indicating rapid growth and maturation. The growth during this 

phase was mainly due to formation of yolk vesicles and deposition of yolk. At this stage 

oocytes proliferate and all types of oocytes were visible except the matured ones. In the 

spawning phase, GSI of O. bimaculatus attained a maximum peak (14.79±0.004). The 

ovaries during spawning phase were filled with yolk laden oocytes. Similar findings were 
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in many other teleostean fish (Lehri, 1968; Kumari, 2014). The histological analysis of 

oocytes in different developmental stages were also similar to those of other teleosts 

reported in the literature (Coward and Bromage, 1998; Cek et al., 2001; Utoh et al., 2003; 

Nejedli et al., 2004; Molen and Matallanas, 2004; Abascal and Medina, 2005; Knight et 

al., 2007; Koc et al., 2008; Chelemal et al., 2009; Chellappa et al., 2010; Mohamed, 

2010; Morris et al., 2011).  

 To sum up, the obtained results of exploration of morpho-metric and reproductive 

parameters of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) from 16 

different Indian rivers, fish smapled from Narmada River, a central Indian major river 

and the fifth longest river in the Indian subcontinent, had shown best sample of growth 

and reproductive status. So this study can suggest an idea of the best strain of O. 

bimaculatus of best sites among other rivers in favor of successful selective captive 

breeding. Therefore it can be concluded that the aquatic ecosystem and local environment 

plays an important role in the species identification, characterization and its reproductive 

growth.  
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Chapter II 

Annual reproductive cycle of freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794) in 

Lucknow region 

 

ABSTRACT 

The aim of the present study was to examine the annual changes in 

gonadosomatic index (GSI), gonadal macro- and micro-scopic changes and oocyte 

diameter (OD) of freshwater butter catfish, Ompok bimaculatus sampled from Gomati 

River. The obtained result showed that GSI was increased with the progressively gonadal 

maturation. It was increased significantly in July (4.32±0.047 in female and 0.83±0.017 

in male) and it reached its peak point in the month of August (5.37±0.037 in female and 

0.98±0.06 in male) and lowest value was recorded in October month (0.64±0.019 in 

female) and November month (0.11±0.004 in male) (p < 0.001). The GSI data also get 

support from macro-scopic monthly detail of gonads. The GSI was significantly 

correlated with the physico-chemical characteristics of Gomati River water. The OD was 

varied from 0.052±0.005 to 0.84±0.024. The maximum OD was observed in August 

month and lowest in September month. It showed a significant relationship with GSI. 

Histological studies of gonads (ovary and testis) had given a clear picture of annual 

reproductive cycle of freshwater butter catfish, Ompok bimaculatus as; resting phase 

(November-January month), preparatory phase (February-March month), pre-spawning 

phase (April-July month), spawning phase (August month) and post-spawning phase 
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(September-October month). The histological studies of ovary of O. bimaculatus reported 

an eight stages of oocyte development (oogonia, chromatin nucleolus, early 

perinucleolus, late perinucleolus, yolk vesicle, vitellogenesis, vitellogenic and post 

ovulatory follicles), and five types of spermatogenic cells in testis viz, spermatogonia, 

primary spermatocytes, secondary spermatocytes, spermatids and spermatozoa in the 

seminiferous tubules during different reproductive phases. These observations are 

important for a better understanding of reproductive biology of this fish in northern 

region to adopt breeding practices of freshwater butter catfish, Ompok bimaculatus. 

Keywords: Ompok bimaculatus, gonadosomatic index, Gonadal histology, Oocyte 

diameter. 

 

1. Introduction 

Ompok bimaculatus is bisexual. Sexual dimorphism is generally observed with 

the approach of the breeding season. Descriptions of reproductive strategies are the 

fundamental topics in the study of biology and population dynamics of fish species 

(Hunter et al., 1992). Because of its insufficiency of gravid stock, and shortage of 

information regarding its breeding potential, larval rearing and culture technology, this 

species did not get sufficient attention (Parameswaran et al., 1970; CAMP 1998; Banik et 

al., 2002; Banik and Malla, 2009; Malla and Banik, 2010; Banik et al., 2011). Lack of 

definite information on reproductive cycle and behavior of this near threatened fish 

species of the North riverine system is major hurdle towards its population which in turn 

hampered the planning and implementation of its conservation and management strategy. 

Studies of fish reproductive biology provide the useful information regarding its 

conservation programs to maintain and manage fish stocks (Chen et al., 2010, 

Shabanipour and Hossayni, 2010). This study helps in planning the successful breeding 

practices. Studies on the fish reproductive biology is essential in maintenance of healthy 

population, optimization of appropriate brood stock management strategies, successful 

fish culture and conservation programme. The reproductive biology of many freshwater 

species were studied by various workers, O. bimaculatus (Rao and Karamchandani, 
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1986); Macrognathus pancalus (Suresh et al., 2006); Catla catla (Deepak et al., 2008); 

Platyrhina sinensis (Kume et al., 2008); C. chitala (Sarkar et al., 2008); Galaxias 

maculates (Boy et al., 2009); Astyanax fasciatus (De Carvalho et al., 2009); Silurus 

aristotelis (Leonardos et al., 2009).  

The method of studying the spawning season is to follow the seasonal changes in 

gonadal weight in relation to body weight, expressed as the gonadosomatic index 

(Ahirrao, 2002). Gonads undergo regular seasonal cyclic changes in weight indicate the 

spawning season (Dadzie et al., 2000). The gonadosomatic index (GSI) is an important 

sign of reproductive activity for the gonadal maturation determination (Hojo et al., 2004; 

Mishra et al., 2016). GSI particularly help in identify the time and season of breeding as 

the gonads swiftly increases in size and weight just prior to spawning (Belsare, 1962; 

Lehri, 1968; Shashi and Akela, 1996).  Macro- and micro-scopic studies of gonads are a 

supportive stuff to confirm gonadal cycle. Histological studies offer a scope to 

understand the cellular kinetics of gonad, recruitment, development and reabsorption of 

gonadal cells and finally in staging the maturity state of the gonads (Tomkiewicz et al., 

2003; Shein et al., 2004).  

The understanding of gonadal maturation will also help in predicting the annual 

changes of fish population (Thorpe et al., 1990; Jobling et al., 2002; Tomkiewicz et al., 

2003; Shein et al., 2004). The study of testicular anatomy characteristics of fish species is 

important in systemic and phylogeny and also gives practical knowledge related to 

artificial fertilization and sperm preservation (Furbock et al., 2010). Owing to large 

diversity of fish fauna, data on spermatogenic ultrastructure in teleosts are scarce and 

restricted to few species (Magalhaes et al., 2011). Therefore, a detailed study on the 

biological features of near threatened species will be very important for implementing 

any fish conservation programme (Virjenhock et al., 1998). In teleosts, two types of 

spermatogenesis are observed: cystic and semi-cystic. In Cystic type, the spermatogenesis 

is completed within the cysts whereas in semi-cystic, spermatogenesis occurs partially 

outside the cysts (Mattei et al., 1993). In the experimental freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794), the spermatogenesis is cystic type. Male teleost 
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exhibit distinguished variations in testicular structure and gamete cell arrangement like 

their counterpart female members (El-Gohary, 2001). In general, paired testes present 

dorsally in the body cavity. The lubular testis has different compartments, within them 

complete cycle of gamete development takes place. The germ or spermatogenic cells 

(SCs) are present throughout the testis in most of catfish (Chaves-Pozo et al., 2005). The 

SCs after meiotic division forms spermatogonia, after mitotic division it give rise to 

spermatocytes, spermatids and spermatozoa. Spermatogonia are large cells with vesicular 

nucleus. Spermatocytes are smaller than spermatogonia. Spermatids are smaller than 

spermatocytes with basophilic nucleus and little cytoplasm. The spermatozoa are the 

smallest among all the stages of testes and are mature male gamete (Santos et al., 2001). 

The interstitial vascular connective tissue contains leydig cells, macrophages and mast 

cells (Nobrega and Quagio- Grassiotto, 2007). The level of testicular activity and 

spermatogenesis depends mostly on the photoperiod, temperature and rainfall as in 

female (Garg and Sundararaj, 1985). 

The oogenesis is a dynamic process in ovaries in which the oocyte passes through 

three various developmental stages which include primary growth phase, secondary 

growth phase and maturation phase (Coward and Bromage, 1998; Cek et al., 2001). The 

primary growth phase is categorized by pre-vitellogenic oocyte while the secondary 

growth phase is categorized by vitellogenic oocyte and the maturation phase by the 

advanced vitellogenic oocyte undergoing germinal vesicle migration (Estay et al., 1998). 

Majority of teleost breed once in a year particularly in monsoon or rainy season and to 

perform spawning in monsoon season, maturation of gonads takes place in pre-monsoon 

season. Marza (1938) was first to described the synchronous and group-synchronous 

pattern of oocyte development. Most teleostean species showed annual breeding, follow 

the synchronous pattern of oocyte development which is controlled by environmental 

factors (De Vlaming, 1975). The reproductive cycle of teleost may be divided in to four 

groups viz., preparatory, pre-spawning, spawning and post-spawning phase (Sundararaj 

and Vasal, 1976; Chakraborty and Bhattacharya, 1984). There are a few methods to 

determine the gonadal development stages such as oocyte size measurement, 

macroscopic study of whole oocyte, external appearance of ovary, gonadal index and 
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histology. The histology is the most accurate method for the assessing the gonadal 

development (Hibiya, 1982; West, 1990). Morphological changes in developing oocytes 

have been described for several species of teleosts (Grau et al., 2009; Chen et al., 2010; 

Lubzens et al., 2010; Mohamed, 2010) including changes in gonad and oocyte size, the 

nucleolus (Thiry and Poncin, 2005), follicular epithelium (Quagio-Grassiotto and 

Guimaraes, 2003) and development of the yolk (Hartling and Kunkel,1999). The 

development of the oocytes may have unique characteristic features, such as GSI and the 

size of oocytes, which are different in different months. In aquaculture it has not received 

much attention due to insufficiency of gravid stock for experimentation and also because 

of shortage of information regarding its breeding potential, larval rearing and culture 

technology (CAMP, 1998; Banik et al., 2011).  

There are few studies in India regarding the reproductive biology of O. 

bimaculatus for their effective management. With the exception of a preliminary 

information on aspects for Ompok pabda on breeding and seed production (Bhowmik et 

al., 2000; Sarkar et al., 2005), reproduction and fecundity in Bangladesh (Hossain et al., 

1992), histological analysis of gonadal development (Begum, 1997) and chromosomal 

studies by Datta et al. (2003). Banik et al. (2012) studied the reproductive physiology of 

this fish species. They observed some parameters such as GSI, sex-ratio, fecundity, 

maturity stages, egg diameter etc. They found that maturity stage of Ompok pabda was 

developed in monsoon season during May to August month. First maturity stage was 

noticed during May-June and peak spawning period in June-July month. The egg attained 

greater diameter during June to early-August month. Siddiqua et al. (2000) conducted a 

study on histology of spermatogenesis of Ompok pabda.  

The aim of the current study was to describe the gonadosomatic index and 

determination of the gonadal developmental stages of freshwater butter catfish, Ompok 

bimaculatus collected from Gomati River, Lucknow, U.P. The information on the annual 

gonadal development of freshwater butter catfish Ompok bimaculatus, of Gomati River is 

scarce. Therefore this study would provide useful information on its spawning pattern 

and its strategy, which is very important for its conservation and culture programme in 
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this state. Through this study, I tried to fill this gap with the belief that this information 

will be useful in the management of this near-threatened fish species especially in North 

India. 

 

2. Materials and Methods 

2.1. Chemicals 

All the chemicals used in this analysis were of analytical grade and purchased 

locally from scientific suppliers, Lucknow, Uttar Pradesh, India. 

2.2. Sampling sites and sample collection 

The fish were handled in accordance with local/national guidelines for 

experimentation on animals and all care was taken to prevent cruelty of any kind. 

The Gomati River, a major tributary of the Ganga River system has been selected 

for sample collection of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794). The 

river originates from a natural lake in the forested area (elevation of about 200 m; North 

latitude 28
o
34’ and East longitude 80

o 
07’) near Mainkot (around 3 km east of Pilibhit 

district in Uttar Pradesh, about 50 km south of the Himalayan foothills) (Singh et al., 

2004). Lucknow (population about 3.4 million) is the major urban settlement on the river 

bank. The river serves as a major source of domestic water supply of the Lucknow city, 

the State capital of Uttar Pradesh, India. The present study was conducted during October 

2014 to September 2015. The meteorological data of observational period of Lucknow 

were shown in Figure 16 which was collected from Indian Institute of Sugarcane 

Research, Lucknow.  

The freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) were collected 

from different sampling zones of Gomati River, Lucknow through drag nets with the help 

of local fisherman (Figure 17). The sampling sites were divided in to four locations based 

on the similarity of the physical habitat and distance coverage of each location (total 6.5 
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km). These were Daliganj (location 1), Hanuman setu (location 2), Boat club (location 3) 

and Gomati barrage (location 4). The stream type in mentioned sampling locations was 

mid-stream. Fish sampling locations were documented using global positioning system. 

After collection, fish were brought to the laboratory in wide mouth plastic container with 

proper care and aeration. In the laboratory, fish were treated with 0.05% KMnO4 solution 

to remove dermal infection if any. They were acclimatized in 200 lt glass aquaria for two 

weeks. Water was renewed daily to remove faecal matter and waste metabolite during 

acclimatization. Fish were fed with dried shrimp daily at particular time intervals. 

 

2.3. Physico-chemical characteristics of Gomati River 

The water samples of Gomati River were collected at monthly intervals during the 

first week of each month throughout the study period (from October 2014 to September 

2015) between 8:00 AM to 10:00 AM. These were collected in five replicates. The 

samples were analysed for physico-chemical parameters viz., pH, temperature, dissolved 

oxygen (DO), free carbon dioxide (CO2), total hardness and alkalinity according to the 

standard methods documented by APHA (2005). 

 

2.3.1. pH 

The hydrogen ion concentration (pH) of Gomati River water was measured with 

0.1 accuracy electronic pH meter (Elico) annually. 

 

2.3.2. Temperature 

The water temperature was recorded for each month with the help of mercury 

thermometer and expressed in 
o
C. 

 

2.3.3.  Dissolved oxygen (DO) 

The dissolved oxygen of Gomati River was monitored by Winkler’s method using 

manganous sulphate and alkali-iodide-azide solution (Golterman et al., 1978). For this 
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analysis, the water samples of each month were collected in 250ml bottles. Manganous 

sulphate (2 ml) and alkaline iodide azide (2 ml) solution were added to water sample to 

fix the dissolved oxygen. Then it was shaken rapidly and brown precipitate was occurred. 

The precipitation was allowed to settle. Then further, concentrated H2SO4 (about 2 ml) 

was added slowly through the wall of bottle and well shaken to dissolve the precipitate. 

Titrate 50 ml of this solution against 0.025 N sodium thio-sulphate solution by using 

indicator as starch to the colorless endpoint. The dissolved oxygen was calculated by 

given formula: 

Dissolved oxygen (mg//l) = (XxNx8x1000)/Y 

 Where X= quantity of titrant used (ml) 

Y= water sample (ml) 

 N= Normality of titrant 

 

2.3.4. Free carbon dioxide (Free CO2) 

It was measured by phenolphthalein indicator and sodium hydroxide as a titrant. 5 

drops of phenolphthalein indicator was mixed in 50 ml of water sample. If the colour of 

water sample was changed to pink then it was indicated the presence of free carbon 

dioxide in the water. Otherwise, in case of colour-less water sample, 0.22 N sodium 

hydroxide was added in this sample till the water colour permanently changed to pink. 

Free carbon dioxide was estimated as given formula: 

Free CO2 (mg/l) = (XxNx8x1000)/Y 

 Where X= quantity of titrant used (ml) 

Y= water sample (ml) 

 N= Normality of titrant 

 

2.3.5. Total hardness 
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Total hardness of the water was determined by EDTA titration method. To 

estimate the total hardness of sample, 1 ml of ammonia buffer and a pinch of erichrome 

black-T indicator were added to 50 ml water sample. Further, the made solution was 

titrate with 0.01 M EDTA till the colour of the solution was changed to blue from purple. 

The total hardness was calculated as: 

Total hardness (mg/l) = (XxZx1000)/Y 

 Where X= quantity of titrant used (ml) 

 Y= water sample (ml) 

 Z= mg CaCO3 equivalent to 1 ml EDTA 

 

2.3.6. Alkalinity 

To estimate alkalinity of the water sample, 2 drops of phenolphthalein indicator 

was added to 50 ml of water sample. Water colour was changed if phenolphthalein 

alkalinity was present. In the solution was colourless, 2 drops of methyl orange indicator 

was added. Further, the solution was titrated against 0.02 N sulphuric acid until the 

colour was changed to faint orange from yellow as its endpoint. The alkalinity was 

estimated as given formula: 

Alkalinity (mg/l) = (Xx1000x0.02x50)/Y 

 Where X= quantity of titrant used (ml) 

 Y= water sample (ml) 

 

2.4. Experimental design 

2.4.1. Gonadosomatic Index 

It was defined as the percentage of fish total weight represented by their gonads 

(Vazzoler, 1996). The fish were weighed using digital balance (Shimadzu-AY220; with 
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0.01 g accuracy) and sacrificed to remove gonads. Gonadal weight was recorded. GSI for 

every month was calculated with following formula (Lagler, 1956): 

GSI= Gonadal weight x 100 / Body weight 

 

2.4.2. Histological analysis 

After the acclimatization of experimental fish, gonadal tissues (Ovary and Testis) 

were dissected out for histological process after sacrificing fish. They were first washed 

in normal saline for further process of histology. The procedure of histology was already 

described in chapter 1 as Table 2.  

 

2.4.3. Oocyte diameter 

To find out the oocyte diameter, the ovaries were first preserved in 5% formalin. 

Further, 20 ova were taken randomly from the preserved ovaries sample as three portions 

from each ovary (anterior, middle and posterior region). These samples were spread 

uniformly over a glass slide. The diameters of ova were measured in a straight line under 

compound microscope at 10x magnification using stage and eye-ocular micrometer. One 

micrometer division (m.d.) of the ocular micrometer was equal to 0.016 mm. 

 

2.4.4. Oocyte stage counting 

Different oocyte stages were counted by Image analysis software (Magnus Pro) in 

annual sections of ovary. The microscopic developmental stages of oocyte were categories 

according to Janssen et al. (1995) and the atretic oocytes and post ovulatory follicles 

histological classification were followed by Hunter and Macewicz (1985) and Hunter et 

al. (1986). Month wise percentage frequencies of different stages of ova were calculated 

using the formula: (number of ova of particular stage/Total ova counted) x 100. 
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2.5. Statistical analysis 

The data were expressed at mean±SEM. The one way analysis of variance 

(ANOVA) was used for overall significance (p < 0.001) and Newman-Keuls test (p < 

0.05) was done to get inter-group variation. Pearson correlation was performed to analyze 

the correlation between physico-chemical characteristics of Gomati River water, and 

male and female gonadosomatic index at p < 0.05 significance level. This correlation was 

done by IBM SPSS software (version 20.0). The histological sections of gonadal tissues 

were examined under Bright field microscope (Olympus CX41) using micropublisher 3.3 

RTV camera (Qimaging, BC, Canada) at 20X magnification. 
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Figure 16: Showing the annual variation in meteorological data of Lucknow region, 

Uttar Pradesh, India observed during October 2014 to September 2015. Graph showed 

(A): Rainfall (mm), (B): Temperature (
o
C), (C):  Relative humidity (%) (RH), (D): 

Evaporation (mm), (E): Wind velocity (km/hr) (F): Photoperiod (hr:min). 

Evaporation (mm) 

Temperature (
o
C) Rainfall (mm) 

Relative humidity (%)  

Wind velocity (km/hr) Photoperiod (hr:min) 
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Figure 17: Drainage map of Gomati River, Lucknow, Uttar Pradesh, India showing 

different sampling sites for collection of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794). 
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3. Results 

3.1. Physico-chemical characteristics of Gomati River water 

The physico-chemical characteristics of Gomati River water provide a fair idea of 

water quality (Figure 18). All the physico-chemical parameters of Gomati river water 

were within the highest desirable limit or maximum permissible limit set by WHO 

(WHO, 1993). The physico-chemical characteristics of Gomati River water varied 

annually with different month or season were significant (p < 0.05). The range of water 

temperature was varied as expected with seasonal climates ranged from 19±0.3 
o
C to 

30.2±0.4 
o
C and averaged 24.65 

o
C. The minimum mean water temperature was recorded 

in January month (19 
o
C) and maximum in June month (30.2 

o
C) respectively (Figure 

18). Like temperature, water pH also varied seasonally between 7.6 to 8.33±0.2. The 

minimum water pH was found in October (7.6) and January month (7.6) and maximum 

pH in June month (8.33). There were small fluctuations in water pH from October to 

April month (7.6-7.99). Thereafter an increment was noticed in pH from May (8.19) to 

June (8.33). The spatial distribution of pH (7.2- 8.3) suggested the alkaline nature of the 

Gomati river water. The average seasonal concentration of dissolved oxygen (DO) was 

found to range between 6.3±0.1 to 10.8±0.2 mg/l.  The level of DO was observed 

maximum in June and July month (8.97±0.2 and 10.8±0.2) whereas the lowest value was 

recorded in December, January and February month (6.5±0, 6.3±0.1 and 6.89±0.1). The 

total hardness and free CO2 were ranged from 185±0.7 to 288±1 mg/l and 32.12±0.1 to 

48.93±0 mg/l. The decrease level of free carbon dioxide was observed in the month of 

January (32.12±0.1 mg/l) and high value in April, May and June month (42.15±0.1, 

48.93±0, 44.08±0.2 mg/l). The high value of total hardness was observed in June month. 

The relatively low value was measured in December month. The maximum alkalinity as 

CaCO3 was observed in September month (273±0.6 mg/l) while minimum value was 

observed in January month (129±0.6 mg/l).  
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3.2. Correlations between various physico-chemical characteristics of Gomati River 

water 

Pearson correlation coefficient was calculated between the water quality 

parameters of Gomati River. The values of correlations coefficient (r) were presented in 

Table 8. The result of coefficient of determination (r
2
) among parameters showed that 

water temperature had strong positive correlation with free CO2 (r
2 

= 0.782). This showed 

that with increase in water temperature, the free CO2 was also increased. Similarly pH 

showed a significant positive correlation (r
2
= 0.714) with total hardness (TH). This 

expressed that pH was proportional to total hardness. It meant with increase or decrease 

in pH, total hardness was also increased or decreased. Temperature showed a moderate 

relationship with pH (r
2
= 0.579), TH (r

2
= 0.57), alkalinity (r

2
= 0.389) and DO (r

2
= 

0.569). Water pH also showed moderate relationship with DO (r
2
= 0.308) and free CO2 

(r
2
= 0.368), and low correlation showed with alkalinity (r

2
= 0.016). Free CO2 exhibit a 

significant correlation with total hardness (r
2
= 0.41), alkalinity (r

2
= 0.526) and DO 

(r
2
=0.312). The total hardness showed least correlation with alkalinity (r

2
= 0.006) and 

DO (r
2
= 0.143). A significant positive correlation was found between alkalinity and DO 

(r
2
=0.384).  

 

3.3. Gonadosomatic index 

3.3.1. In Male Ompok bimaculatus fish 

In the present study, it has been observed that the values of GSI in male 

freshwater butter catfish, Ompok bimaculatus followed a regular seasonal change from 

the observational period from October 2014 to September 2015 during their all 

reproductive phase’s viz., immature, early development, maturing, spawning and post-

spawning phases (F=64.47 at p < 0.005; Figure 19A). The value of GSI was ranged from 

0.11±0.004 to 0.98±0.06. The mean GSI of the fish tend to increase as the fish reached 

maturity and after spawning, it declined and the minimum GSI was recorded during 

resting phase. The lowest GSI value was noticed during the end of post spawning phase 
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in November month (0.11±0.004). During December month i.e. immature phase, the 

mean GSI value increased subsequently (0.12±0.004). Further during immature phase in 

January and February month, GSI was gradually increased (0.12±0.0017 to 0.44±0.04). 

However, from March month (0.5±0.04) or onwards when the testes entered into the 

early development or preparatory phase, GSI was gradually increased up to July 

(0.83±0.017) month. GSI was raised sharply in August month (spawning phase: 

0.98±0.06). Testes were constituted with full of spermatids and spermatozoa and the GSI 

rised up to peak value in spawning phase. A sharp decrease in GSI value was noticed in 

the post spawning period i.e. in month of September and October (0.36±0.03 to 

0.16±0.004). GSI value was significantly declined as the testes suffered from a regression 

state (Figure 19A).  

 

3.3.2. In Female Ompok bimaculatus fish 

GSI of female freshwater butter catfish, Ompok bimaculatus fish was ranged from 

0.64±0.019 to 5.37±0.037 respectively from October month to August month viz., 

immature to spent stage (or from resting phase to post-spawning phase) of gonadal 

development (Figure 19B). The highest GSI was noticed from the month of July to 

August (4.32±0.047 to 5.37±0.037) i.e., spawning phase and peak value of GSI was 

recorded in August month when ovary was attained full maturity. After this phase, the 

reproduction cycle undergoes post-spawning phase, at this time, GSI declined in the 

September (2.93±0.126) and sharply dropped in October month (0.64±0.019). There was 

a gradual increase in GSI after the post-spawning and resting phase (November to 

February month) because the ovary weight was increased gradually. The GSI was found 

to be minimum in November to February month (0.76±0.017 to 1.84±0.034). Further the 

reproductive cycle proceed in to preparatory phase from March to April month and the 

GSI was slighty increased 2.02±0.032 to 2.23±0.015, the preparatory phase follows the 

pre-spawning phase or maturity stage of reproduction which occurs from May to June 

month when the GSI of fish was increasing from the previous month (3.2±0.01 to 

3.93±0.015). The gonadosomatic index was significantly different during the annual 

reproductive phases of Ompok bimaculatus (F=1175.45; p < 0.01). 
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In comparison to female, male had lower GSI. In the case of male, it was found 

that the gonadal weight was gradually increased from February to July month. The 

gonadal weight was slowly increased stage by stage until it reached its maximum value in 

July and August. The highest GSI value was found in the month of August and GSI 

values began to fall gradually from September to December month, while in female O. 

bimaculatus, the gonadal weight was gradually increased from January to August month. 

The higher value of GSI for both male and female during July to August month indicated 

that fish breed during this rainy season.  

 

3.4. Correlation between Gonadosomatic index and different physic-chemical 

characteristics of Gomati River water 

The gonadosomatic index of both male and female showed the same pattern of 

fluctuations in different months of reproduction. There was a highly significant 

correlation between male and female GSI with different physico-chemical characteristics 

of Gomati River water viz., water temperature, pH, total hardness, alkalinity, dissolved 

oxygen and free CO2 (Table 9) which was analysed by Pearson correlation by IBM SPSS 

(version 20.0). The findings of this study was resulted that all the physico-chemical 

characteristics of Gomati River water were significantly correlate with the gonadosomatic 

index of male and female Ompok bimaculatus. 

 

3.5. Annual morphology of Male 

Testes of freshwater butter catfish, Ompok bimaculatus exhibited five phases in 

an annual reproductive cycle (Table 10). The testes of O. bimaculatus remain attached to 

the body wall by means of mesenteries. Each testis was surrounded by an outer thin 

peritoneum beneath which there was an inner tunica albuginea which was consisted of 

dense collagenous connective tissue with few fine fibres, they extended inside the testis 

to give connective tissue septa (Figure 20). The tunica albuginea was covered externally 

by mesothelium. The testes were composed of seminiferous tubules. characterized with 

germinal epithelium and central lumen. The seminiferous tubules were filled with 
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germinal cysts. The germinal cysts contained germinal cells at different stages of 

development. The testicular lobules were larger and were distended with different 

spermatogenic stages with the appearance of huge number of spermatozoa in their lumen. 

The interstitium filled the intertubular spaces and was composed mainly of fine 

collagenous connective tissue which contained abundant interstitial leydig cells and blood 

capillaries. The interstitial leydig cells were polygonal in shape, with ill definite cell 

boundaries. They had centrally located spherical nuclei. The testicular tubules contained 

two types of cells; one of them was spermatogonia which give rise to different generation 

of spermatogenic cells in germinal cyst, while the other was Sertoli cells. These cells had 

flattened and elongated dense nuclei. They surrounded the germinal cysts as their 

cytoplasmic processes shared in formation of the wall of germinal cysts. 

 

3.5.1. Histological study of freshwater butter catfish, Ompok bimaculatus testes 

Five types of germ cells or spermatogenic cells viz, spermatogonia, primary 

spermatocytes, secondary spermatocytes, spermatids and spermatozoa were identified in 

the seminiferous tubules during different reproductive phases (Figure 20, 22). 

 

3.5.1.1. Spermatogonia 

These were the largest of all the spermatogenic cells, forming nest and attached to 

the inner margin of the lobule boundary wall. Each spermatogonium contained prominent 

cytoplasm and centrally placed nucleus. 

 

3.5.1.2. Primary spermatocyte 

The primary spermatocytes contained relatively lesser amount of cytoplasm and 

the nucleus was deeply stained with haematoxyline. They were found in germinal cysts. 

They were smaller than spermatogonia. These cells were almost oval or rounded and 

diameter varies. 

3.5.1.3. Secondary spermatocyte 
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The secondary spermatocytes were arised from the division of the primary 

spermatocytes. They were smaller than the primary spermatocytes and nearly spherical in 

shape. They characterized by their large nuclei occupying most of the cells that were 

surrounded with thin rim of cytoplasm. Their nuclei had condensed chromatin. Secondary 

spermatocytes were difficult to be observed. 

 

3.5.1.4. Spermatids 

The spermatids were smaller than the previous germ cells. They were observed in 

the cysts. These cells were deeply stained with haematoxyline. They were characterized 

as appeared as small cells of indistinct outline with scanty cytoplasm and dense spherical 

basophilic nuclei. Some cysts of spermatids get ruptured and the spermatids released into 

the tubular lumen. 

 

3.5.1.5. Spermatozoa 

These were the eventual consequence of spermatogenesis and smallest one of all 

spermatogenic lineages. It had strong affinity to haematoxyline. They were present in the 

lumen of the seminiferous tubules without any arrangement, after their releasing from the 

germinal cysts of the spermatids.  

 

3.5.1.6. Interstitial cells 

The interstitial cells were round or oval in shape and reside singly or in small 

groups between the lobular spaces and associated with the blood vessels. These cells 

undergo changes in their morphology in different seasons. 

 

3.5.2. Cyclical changes during spermatogenesis 

On the basis of gonadosomatic index (GSI) and the occurrence of various 

spermatogenic cells, the reproductive phases of O. bimaculatus can be dissevered in four 
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phases: immature or resting phase (November to February month), early development or 

preparatory phase (March to April month), maturing or pre-spawning phase (May to June 

month), ripe or spawning phase (July to August month) and spent or post spawning 

(September to October month) (Figure 20, 22). 

 

3.5.2.1. Immature or resting phase 

During immature phase, the predominant spermatogonia were arranged in a 

definite pattern and few spermatocytes were also present in between them. These stages 

of cells were present during November to February month.  

In November, the mean GSI value was increased insignificantly and maintained 

as such up to January (Figure 19A). During this phase testis was pale colored and in 

regressed stage (Figure 20). During these months, histologically, testis was rich in 

interstitial cells, spermatogonia and spermatocytes. Texture wise arrangement was loose 

(Figure 22). It represented the resting phase of annual cycle. 

 

3.5.2.2. Early development or preparatory phase 

This phase was observed during March to April month. In the early development 

phase, the testis was characterized by the presence of all stages of the spermatogenic cells 

and few spermatogonia. The primary and secondary spermatocytes were gradually 

increased in number. 

During February-March, GSI value was recorded significantly increased and 

become high in April month (Figure 19A).The same reflected by morphological 

assessment also. During these months testis registered an increase in their size with bright 

color (Figure 20, 22). Histological sections showed that during this period testis 

registered a significant increase in spermatocyte. The seminiferous tubules were filled 

with spermatogonia and spermatocytes (Figure 22). The interstitium was filled the inter-

tubular spaces and was composed mainly of fine collagenous connective tissue which 
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contained abundant interstitial leydig cells and blood capillaries. It represented the 

preparatory phase of annual cycle. 

 

3.5.2.3. Maturing or Pre-spawning phase 

This phase was studied during May to June month. The lobule boundary wall of 

the testis had become considerably thin and spermatogonia cells were reduced in number 

or absent. The spermatocytes were reduced considerably and gradually transformed into 

the spermatids and spermatozoa. The active interstitial cells were noticed in between the 

lobules. 

From April month onwards GSI was gradually increased up to July month. This 

GSI was increase from April to July was non-significant (Figure 19A). Morphologically 

during this phase testis was prepared as more flabby and bright colored. It showed clear 

lobular structure of testis. Histologically testes were rich in spermatocyte, spermatogonia 

and spermatid.  

 

3.5.2.4. Ripe or spawning phase 

The lobule boundary wall was extremely thin and the spermatogenic activity 

within the lobules was at their peak. The spermatogonia were reduced in number. The 

testicular lobules were full of spermatozoa and the maximum activity of interstitial cells 

can be seen in this stage adjacent to blood vessels as they increase in size. This phase was 

occurred in July to August month. 

In July month, testes along with other spermatozoa stage were also seen. The 

interstitium filled the inter-tubular spaces and was composed mainly of fine collagenous 

connective tissue which contained abundant interstitial leydig cells and blood capillaries 

(Figure 22). It represented the pre-spawning phase of annual cycle. GSI value was raised 

sharply and attained its peak value in August month (Figure 19A). Morphologically also 

this was very dominating phase. Testis was full grown, lobular, thick and bright colored 

organ (Figure 20). Histologically this phase testis is full of spermatozoa. With mild 
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touching it was ready to come out. The testicular tubules were larger and were distended 

with different spermatogenic stages with the appearance of huge number of spermatozoa 

in their lumen (Figure 22). It represented the spawning phase of annual reproductive 

cycle. 

 

3.5.2.5. Spent or post spawning phase 

The diameter of lobules was decreased due to release of sperms and boundary 

wall gradually become thicker. The spermatogonial cells were present in clusters. The 

testicular lobules contained residual spermatozoa and few cysts of spermatids. The 

interstitial cells were considerably smaller in size. This phase was occurred in September 

to October month. 

The sharp decrease in GSI value was noticed at the end of spawning phase in 

September that maintained up to October (Figure 19A). Morphologically also testis 

appeared shrunken form, that reflected the discharge of mature gamete, spermatozoa 

(Figure 20). This spent phase was also supported by histological analysis, where sections 

showed the presence of remnant of interstitial cells and muscular meshwork only (Figure 

22). 

 

3.6. Annual morphology of female reproductive organ of freshwater butter catfish, 

Ompok bimaculatus 

3.6.1. Annual macroscopic features of the ovary with oocyte diameter 

 The ovary was two-lobed and elongated structure. It was attached to abdomen by 

dorsal mesenteric and extended posterior in to oviduct (Figure 21). The reproductive 

cycle of O. bimaculatus ovary was categorized into five maturation phases on the basis of 

its macroscopic condition. The relative abundances or monthly changes of percentage 

frequency of maturity stages of oocytes in the ovary were shown in Figure 25. The 

division criteria of different maturity stages of freshwater butter catfish, Ompok 

bimaculatus ovary was summarized below in table 11. 
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3.6.1.1. Immature stage / Resting phase 

The ovary was small, thread like in structure, semi-transparent, pinkish in color. 

The oocytes cannot be seen by naked eyes (Figure 21). Immature ovary was found from 

the month of November to February. The major event in this phase was proliferation of 

oogonia and recruitment of oocytes. The average oocytes diameter was less than 

0.085±0.002 to 0.112±0.007µm (Figure 24).  

 

3.6.1.2. Early development / Preparatory phase 

In early development phase, ovary was elongated and reddish in color. Oocytes 

were not distinctly visible by naked eye. The thickness of ovary was slightly greater than 

in immature phase. This phase of ovary was found in March and April month (Figure 21). 

The oocytes were of primary growth phase, spherical and small of 0.14±0.006 to 

0.48±0.032 µm diameter with strongly basophilic cytoplasm (Figure 24). During this 

phase, ovary occupy one-fourth of the ventral cavity. 

 

3.6.1.3. Maturing stage / Pre-spawning phase 

The maturing phase of reproduction of Ompok bimaculatus was found during 

May and June month. In this period, ovary was enlarged in size, reddish in color and had 

translucent oocytes which were visible by naked eye. The vascularization of ovary was 

increasingly started. Ovaries occupied less than one-third of ventral cavity (Figure 21). 

The oocytes were almost round in shape and size of oocytes (0.608±0.019 to 0.672±0.02 

µm) was increase due to the yolk vesicles and deposition of yolk droplets (Figure 23, 24).  

 

3.6.1.4. Ripe stage / Spawning phase 

Ovaries were highly vascularized and full of mature oocytes. This stage was 

observed in July to August month. Ovary was in brown in color. The oocyte size was also 

increased due to hydration and vitellogenesis (Figure 21). The oocyte diameters were 

varied from 0.795±0.025 to 0.84±0.024 µm (Figure 24). 



Chapter II: Annual reproductive cycle of freshwater butter catfish, Ompok bimaculatus………...…. 
  
 

Ph.D.: Anurag Rawat        88 | Page  

3.6.1.5. Spent stage / Post-spawning phase 

The ovary of the spent stage or post-spawning stage was occurred in September to 

October month. It were shrunken containing a few atretic oocytes or fully empty. Ovary 

weight was decreased (Figure 21). Average oocyte diameter was sharply declined 

(0.052±0.005 to 0.065±0.006 µm) (Figure 24). 

 

3.6.2. Study of oocyte developmental stages 

Several stages of oocyte development were observed from October 2014 to 

September 2015 although ovaries had oocyte of more than two stage of development. The 

ovaries were surrounded by germinal cuboidal epithelium. There was a connective tissue 

called tunica albugina which in turn surrounded by ovarian stoma at which female cell 

was embedded (Figure 23). The histological studies revealed that freshwater butter 

catfish, Ompok bimaculatus (Bloch, 1794) had different stages of oocyte development. 

 

3.6.2.1. First Growth Phase (Oogonia) 

Oogonia were arranged in a single or clusters. The oogonia were very small round 

cells (0.09 µm) with a clear cytoplasm and a single nucleolus in a oval nucleus and had 

chromophobic cells (Figure 23). 

 

3.6.2.2. Second Growth Phase (Chromatin nucleolus stage) 

The cell diameter of this oocyte was 0.14 µm. These oocytes were originated from 

oogonia. They had little cytoplasm large and stained nucleus and central nuclei. This 

oocyte was basophilic in nature (Figure 23). 

 

3.6.2.3. Third Growth Phase (Early peri-nucleolus oocyte) 
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These oocytes were larger oocyte (0.32 µm) in relation to earlier oocyte. It has 

homogeneous and strongly basophilic cytoplasm; numerous rounded, basophilic nucleoli 

appeared at the periphery of the nucleolus (Figure 23). 

  

3.6.2.4. Forth Growth Phase (Late perinucleolus oocyte) 

The oocytes (0.61 µm) showed low affinity to haematoxyline. Numerous rounded 

nucleoli were found in the periphery of the nucleolus the cytoplasm was dense. A 

flattened follicular layer surrounding oocytes could be distinguished at the end of this 

stage (Figure 23). 

 

3.6.2.5. Fifth Growth Phase (Yolk Vesicle Stage) 

These oocytes were spherical (0.72 µm) in appearance during this oocyte 

development stage. Cortical vesicle appeared in the cytoplasm. These vesicles were first 

situated at the cytoplasm periphery and then subsequently moved to the inner cell zone. 

The cytoplasm stained lighter and nucleus become increasingly eosinophilic. Zona 

radiata was formed between the oocyte and its follicle layer. In the late yolk stage the 

protein yolk granule was filled equal to or greater than two-third of the cytoplasm. The 

oocyte and nucleus reached at maximum size, Granular cells of follicle layer appeared 

stretch and become thin. The nucleus was smaller and compared to the earlier stages. 

Chromatin threads still occurred in the nucleus, and the nuclear membrane began to 

degenerate. The zona radiate layer was very evident and follicle epithilium was more 

developed (Figure 23). 

 

3.6.2.6. Sixth Growth Phase (Vitellogenesis) 

The oocytes were 0.88 µm in size. It began to undergo vitellogenesis. In this 

stage, the oocyte appeared to be pinkish red, the yolk vesicle and granules were observed 

in whole cytoplasmic area. The nuclear membrane was completely degenerated. The 

follicular layer and zona radiate were now well developed and distinct. 
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3.6.2.7. Seventh Growth Phase (Vitellogenic) 

These oocytes were largest in size (0.96 µm diameter) and completely filled with 

protein yolk granule. The cytoplasm was more voluminous and had grainy appearance. 

At this stage the nucleus shifted towards the oocyte periphery. The succeeding nucleus 

migration was the GVBD (Figure 23). 

 

3.6.2.8. Eight Growth Phase (Post ovulatory follicle) 

After maturity, the follicles breakdown to allow oocyte released post-ovulatory 

follicle (diameter: 0.08 µm) consisted of residual follicle layers, which remained in the 

ovaries after ovulation and degenerated. 

 

3.6.2.9. Atretic Follicle 

After final spawning a number of post-vitellogenic oocyte failed to undergo 

maturation or ovulation and subsequently degenerated and were reabsorbed that was 

become atretic. The diameter of atretic follicle was 0.04 µm. At this stage zona radiate 

become wrinkled and standard to breakdown (α Atretia). The disordered yolk liquefied 

and cytoplasm and proliferated phagocytic granulosa cells were found, which become 

degenerated and living behind a lightly stained fibrous mass surrounded by connective 

tissue element (β atretia) (Figure 23).  

 

3.6.3. Oocyte diameter 

The oocyte diameter (OD) showed the same pattern in size difference as like of 

GSI in different months. The mean OD was ranged from 0.085±0.002 µm (immature 

stage) to 0.84±0.024 µm (mature stage) (Figure 24). OD was significantly different 

during the sampled months (F=432.035; p < 0.001). The OD was minimum during 

September to January months (0.052±0.005 to 0.089±0.004 µm respectively). Thereafter 

a slight but non-significant increase was noticed during February when compared with 

January (0.1125±0.007). A significant increase in OD was seen during March month 
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(0.48±0.032 µm; p < 0.01).That maintained in sharp significant increase from previous 

months to April onwards (p < 0.01) with peak value in August (0.84±0.024 µm). 

There was a highly significant correlation between gonadosomatic index (GSI) 

and oocyte diameter (OD) during different months (Table 12). The coefficient of 

determination and regression equation between the GSI and OD was r
2
=0.771 and 

y=0.1667X+0 respectively (Figure 26). Both these two parameters GSI and OD 

supported five phases of annual reproductive cycle of freshwater butter catfish, Ompok 

bimaculatus ovary, like: November, December and January: resting phase; February, 

March and April: preparatory phase; May, June and July: pre-spawning phase; August: 

spawning phase; September and October: post spawning phase. 
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Table 8: Showing pearson correlation of monthly changes in physico-chemical properties 

of Gomati River water (Alk: Alkalinity, DO: Dissolved oxygen, Free CO2: Free carbon 

dioxide, pH, T: Temperature, TH: Total hardness). Asterisks (*) represented the 

significance level. 

 Correlations Alk. DO Free 

CO2 

pH T TH 

Alk. Pearson 

Correlation 

1 0.620* 0.725** 0.125 0.624* 0.074 

Sig. (2-

tailed) 

 0.032 0.008 0.699 0.03 0.818 

DO Pearson 

Correlation 

0.620* 1 0.559 0.555 0.755** 0.378 

Sig. (2-

tailed) 

0.032  0.059 0.061 0.005 0.226 

Free 

CO2 

Pearson 

Correlation 

0.725** 0.559 1 0.606* 0.884** 0.64 

Sig. (2-

tailed) 

0.008 0.059  0.037 0.00 0.025 

pH Pearson 

Correlation 

0.125 0.555 0.606* 1 0.761** 0.845** 

Sig. (2-

tailed) 

0.699 0.061 0.037  0.004 0.001 

T Pearson 

Correlation 

0.624* 0.755** 0.884** 0.761** 1 0.755** 

Sig. (2-

tailed) 

0.03 0.005 0.00 0.004  0.005 

TH Pearson 

Correlation 

0.074 0.378 0.64 0.845** 0.755** 1 

Sig. (2-

tailed) 

0.818 0.226 0.025 0.001 0.005  

 ** Correlation is significant at the level of 0.01 (2-tailed). 

* Correlation is significant at the level of 0.05 (2-tailed). 
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Table 9: Showing pearson correlations of annual male and female gonadosomatic index 

of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) with different physico-

chemical properties of Gomati River water (T: Temperature, TH: Total hardness, 

Alkalinity, BOD: Biological oxygen demand, DO: Dissolved oxygen). Asterisks (*) 

represented the significance level. 

 

  

Correlations Alkalinity DO Free 

CO2 

pH T TH 

Female 

GSI 

 

Pearson 

Correlation 

0.428 0.889** 0.455 0.547 0.595* 0.379 

Sig.(2-

tailed) 

0.165 0.000 0.137 0.066 0.041 0.224 

Male 

GSI 

 

Pearson 

Correlation 

0.305 0.809** 0.558 0.718* 0.732* 0.677* 

Sig.(2-

tailed) 

0.335 0.001 0.06 0.008 0.007 0.016 

** Correlation is significant at the level of 0.01 (2-tailed). 

* Correlation is significant at the level of 0.05 (2-tailed). 
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Table 10: Macroscopic features and description of maturity stages of testes of freshwater 

butter catfish Ompok bimaculatus (Bloch, 1794) sampled from Gomati River. 

Months Maturity Stages / 

Reproductive phase 

Macroscopic 

description  

Developmental 

description 

November Immature / Resting 

phase 

Thin, whitish 

thread-like 

structures, very 

small and 

translucent 

Predominant 

spermatogonia were 

arranged in a definite 

pattern and few 

spermatocytes present 

December 

January 

February 

March Early development  

/ Preparatory phase 

Aspect of ribbon, 

slight pinkish 

color, turgid and 

voluminous 

Primary and secondary 

spermatocytes were 

gradually increased in 

number  

April 

May Maturing / Pre-

spawning phase 

Ribbon shaped, 

slightly red in 

color and with 

flaccid part.  

Spermatogonia cells were 

reduced and gradually 

transformed into the 

spermatids and 

spermatozoa.  

June 

July Ripe / Spawning 

phase 

Ribbon shaped,  

increase in size 

from earlier stage, 

slightly red in 

color and flaccid 

Spermatogenic activity 

was at their peak. 

testicular lobules were full 

of spermatozoa 

August 

September Spent / Post-

spawning phase 

Thread shaped, 

thin and slight pink 

in color 

Spermatogonial cells were 

present in clusters. 

Lobules contained residual 

spermatozoa and few cysts 

of spermatids. 

October 
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Table 11: Macroscopic features and oocyte developmental descriptions of maturity 

stages of ovary of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) sampled 

from Gomati river, Lucknow, U.P. 

Months Maturity 

Stages / 

Reproductive 

phase 

Macroscopic description  Oocyte developmental 

description 

November Immature / 

Resting phase 

Small in size, semi 

transparent, pinkish in 

color 

Containing both oogonia 

and chromatin nucleolus 

and early peri-nucleolus 

stage 

December 

January 

February 

March Early 

development / 

Preparatory 

phase 

Ovaries occupied one-

fourth of the ventral 

cavity, reddish in colour 

Oognia still present, late 

peri-nucleolus and yolk 

vesicle or corticle alveoli 

oocytes present 

April 

May Maturing / 

Prespawning 

phase 

Ovaries occupied less than 

one-third of the ventral 

cavity and opaque and 

translucent oocyte visible, 

increasingly 

vascularization 

Yolk granule oocytes 

predominate, late peri-

nucleolus and vitellogenic 

oocyte also be observed 

June 

July Ripe / 

Spawning 

phase 

Ovaries highly 

vascularized and occupied 

most of the ventral cavity, 

distinctly and lobular in 

appearance, brown in 

colour, large oocyte, yolky 

Vitellogenic oocyte 

present, predominance of 

germinal vesicle 

migratory oocyte 

August 

Contd… 
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and eggs excruted with 

slight abdominal pressure 

September Spent / Post-

spawning 

phase 

Ovaries flaccid and fully 

empty, slightly brown in 

colour, hyaline oocyte 

visible, granular small 

ovaries with scattered 

residual vitellogenic and 

atretic oocytes 

Abundant post-ovulatory 

follicle, peri-nucleolar 

oocytes and atretic oocyte  

present 

October 
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Table 12: Showing pearson correlations between monthly changes in Gonadosomatic 

index and oocyte diameter (µm) of freshwater butter catfish Ompok bimaculatus (Bloch, 

1794). Asterisks (*) represented the significance level. 

 

Correlations Oocyte Diameter 

Gonadosomatic 

index 

Pearson Correlation .884
***

 

Sig. (2-tailed) .000 

***. Correlation is highly significant at the 0.01 level (2-tailed). 
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Figure 18: Represent annual variations in physico-chemical characteristics of 

Gomati River water during observational period from October 2014 to 

September 2015. Graph showed DO (Dissolved oxygen: mg/l), pH, T 

(Temperature: 
o
C), TH (Total hardness: mg/l), Alkalinity (mg/l) and Free CO2 

(Free carbon dioxide: mg/l). 
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Figure 19: Showing the annual changes in gonadosomatic index (GSI) (%) of male 

(A) and female (B) freshwater butter catfish, Ompok bimaculatus (Bloch, 1794). 

Values were expressed as mean±SEM. Data were analyzed by one way ANOVA (p < 

0.001) and intergroup difference were analyzed by Neuman-Keuls test (p < 0.05). 

Same alphabets represented non-significant difference but different alphabets 

represented significant difference respectively.   
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Figure 20: Annual morphological appearance of testes of freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794) sampled from Gomati River, Lucknow, during 

October 2014 to September 2015 period. 
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Figure 21: Annual morphological appearance of ovary of freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794) sampled from Gomati River, Lucknow, during the 

period of October 2014 to September 2015. 
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Figure 22: The histological sections of testes of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) sampled during different months from October 2014 to 

September 2015. Images were captured at 20X magnification. Note: In: Interstitial 

cells, Sg: Spermatogonia, Sc: Spermatocytes, St: Spermatids, Sz: Spermatozoa. 
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Figure 23: Histological appearance of ovary of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) during different months from October 2014 to September 

2015. Images were captured with 20X magnification. Note: OL: Ovarian lumen, OO: 

Oogonia, OW: Ovarian wall, N: Nucleus, OP: Ovarian peritoneum, FL: Follicle layer, 

PV: Pre-vitellogenic oocyte, GF: Graffian follicle, AF: Atretic follicle, NU: Nucleolus, 

YV: Yolk vesicle, LP: Late peri-nucleolus, CA: Corticle alveoli, EPV: Early peri-

nucleolus vesicle, YG: Yolk globule, ZR: Zona radiata, GV: Germinal vesicle. 
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Figure 24: Showing the monthly changes in oocyte diameter (µm) of freshwater 

butter catfish, Ompok bimaculatus (Bloch, 1794) ovary. Values were expressed 

as mean±SEM. Data were analyzed by one way ANOVA (p < 0.001) and 

intergroup difference were analyzed by Newman-Keuls test (p < 0.05). Same 

alphabets represented non-significant difference but different alphabets 

represented significant difference among groups in oocyte diameter respectively.   
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Figure 25: Monthly changes in frequency (%) of oocyte maturation stages of 

freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) in histological 

sections. AF: Atretic follicles; POF: Post ovulatory follicles; VT: Vitellogenic 

oocyte; VTS: Vitellogenesis; YV: Yolk vesicle oocyte: LP: Late peri-nucleolus 

oocyte; EP: Early peri-nucleolus oocyte; CN: Chromatin nucleolus oocyte; 

Oogonia. 
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Figure 26: Showing correlation between gonadosomatic index (GSI) and 

oocyte diameter (OD) of different maturity stages of freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794). 
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4. Discussion 

The present study was described about the annual reproductive cycle of male and 

female freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) collected from 

Gomati River, Lucknow. This freshwater catfish of India exhibit the annual periodicity of 

gonadal maturation and spawning which occurred in a particular period of the year. The 

process of gonadal recrudescence is positively correlated with the atmospheric seasons 

(Gonzalez, 1980; Gentile et al., 1986; Guerrero et al., 1990). The onset of the rainy 

season provides favorable environmental conditions to promote spawning and 

spermiation. Spawning, which is completed in a very short time, is followed by a period 

of sexual quiescence during the rainy season.  

The meteorological observation resulted that monthly rainfall was fluctuated from 

0 to near 100 mm. Air temperature was varied over a range of about twenty degrees 

(from 13.98 to 33.36 
o
C). The highest temperature were observed from April to June (dry 

season), decreasing by July (rainy season). Studies on various teleost species indicated 

that temperature was a primary environmental cue that regulates gonadal recrudescence 

and spawning (Lam, 1983; MacKenzie et al., 1989; Peter and Yu, 1997). The observation 

of Acharia et al. (2000) supported the phenomenon of inducing ovarian recrudescence 

during the late post-spawning phase under high temperature in the case of female Clarias 

batrachus. Increase in photoperiod and temperature promote gonadal maturation and so 

the breeding response (Sathyanesan, 1962; Sundararaj and Vasal, 1976; Garg and Jain, 

1984; Miranda et al., 2009). Spawning was occurred during the period of maximum 

rainfall or in rainy season and low air temperature (Gentile et al., 1986; Ntiba and 

Jaccarini, 1990; Villacorta-Correa and Saint-Paul, 1999; Mazzoni et al., 2002; Agostinho, 

2003; Marcano et al., 2007). Most likely, spawning could be triggered not by one external 

condition, but by a combination of several. The spawning season was inferred from the 

relative frequencies of gonad maturity stages throughout the study period.  

Gonadosomatic index (GSI) is a most reliable reproductive measure when 

associated with other indicators as gonadal macroscopic and microscopic observations 
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and oocyte diameter to study reproductive cycle (Lowe-McConnell, 1982; Rimmer and 

Merrick, 1983; DeMartini and Lau, 1999). The result showed that GSI had a positive 

relationship with the gonadal developmental stages of ovary and spermatogenic activity 

in the testis. Similar findings were reported by different workers time to time 

(Mukhopadhyay and Sinha, 1986; Joshi and Joshi, 1989; Stoumbondi et al., 1993; 

Chakrabarti and Gupta, 1994; Rheman et al., 2002; Manna et al., 2010; Chakrabarti and 

Bose, 2014). GSI was varied accordingly during the different months of the year. The 

values of gonadosomatic index (GSI) were low from December to April month 

suggesting the ovaries to be in resting and maturing stages. The values increased in June 

(male: 0.82 and female: 3.93) and reached in peak in August (male: 0.98 and female: 

5.37) indicating the gonads to be in mature and ripe stages.  The low values from 

September to October suggested the spent condition or post-spawning phase (Male: 0.36, 

Female: 2.93) when the spermatogenic and oogenic activities were almost ceased. Fish 

attain maturity in one year in Gomati River. On the basis of GSI value it has been 

observed that peak level of GSI in the month of July and August, were closely related 

with the maturity and spermiation (Banik et al., 2012; Mishra et al., 2013; Malla and 

Banik, 2015). The GSI and oocyte diameter increased with that of maturation stage of 

fish. It reached its maximum at the peak of maturity and at minimum during resting phase 

of ovary (Shengde and Mane, 2006; Rao and Krishnan, 2009; Ghanbahadur and 

Ghanbahadur, 2012; Mishra and Saksena, 2012).  

The present morphological and histological studies of gonads (Ovary and testis) 

had revealed that the gonads of freshwater butter catfish, Ompok bimaculatus (Bloch, 

1794) exhibited remarkable variations in their size. Prior to spawn the testes and ovaries 

undergo preparatory and pre-spawning stages which included various degree of 

developmental changes in gamete related to spermatogenic and oogenic activity. This 

would further change the gonadal texture, shape and size. On the basis of spermatogenic 

and oogenic activity and variations in GSI values obtained in the present study the entire 

reproductive cycle is divided into five distinct phases’ viz., resting (November-January), 

preparatory (February-April), pre-spawning (May-July), spawning (August) and post-

spawning (September-October). All parameters of current study viz. GSI, oocyte 
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diameter, different oocyte and testicular stages and macro-, micro-scopic gonadal details 

strengthen this statement of reproductive phases of freshwater butter catfish Ompok 

bimaculatus (Bloch, 1794).  

The phenomenal variation in the testis was due to active proliferation of the later 

stages of spermatogenetic cells. The spermatozoa were formed from spermatogonia 

through a series of cytological changes known as spermatogenesis. In the present 

investigation the dormant nests of spermatogonia occurred in the post-spawning and 

resting period (Malla and Banik, 2015). During the process of differentiation of 

spermatogonia to spermatozoa, the cytoplasm and nuclei of spermatogonia progressively 

decreased in size and volume, and finally the spermatids were metamorphosed into 

spermatozoa (Chaves-Pozo et al., 2005; Suwanjarat et al., 2005; Van Dyk and Pieterse, 

2008). In the present study preparatory phase was characterized by maximum number of 

spermatogonial cells. However, gradual cellular activity was found to be associated with 

the testicular lobules during the early growth phase which in turn was characterized by an 

increased activity in the conversion of spermatogonia to primary and secondary 

spermatocytes, few spermatids and spermatozoa. The number of spermatocytes increased 

gradually reaching the maximum number in the pre-spawning phase. However, during 

the end of this phase the secondary spermatocytes were rarely seen and enormous number 

of cysts of spermatids and spermatozoa were almost completely filled up the entire lumen 

of testicular lobules (Dziewulska and Domagala, 2003). The spawning phase was 

characterized by the presence of maximum number of spermatozoa and spermatids in the 

testicular lobules. This was due to the rapid spermiogenesis, during this phase 

(Dziewulska and Domagala, 2003). The spermatogenic activity was decreased sharply 

following the regressive period and the testes finally entered into the post-spawning 

phase. This phase was characterized by almost empty containing residual spermatozoa 

and few cysts of spermatids along with few dormant spermatogonial cells (Suwanjarat et 

al., 2005; Cek and Yilmaz, 2007; Lawson, 2011; Ahmed et al., 2013). 

In teleosts, the annual ovarian development process may be divided into four to 

eight maturity stages or phases (Sathyanesan, 1962; Guraya et al., 1975; Nagahama, 



Chapter II: Annual reproductive cycle of freshwater butter catfish, Ompok bimaculatus………...…. 
  
 

Ph.D.: Anurag Rawat        110 | Page  

1983; Mayer et al., 1988; Treasurer, 1990; West, 1990; Fishelson et al., 1996; Unal et al., 

1999; Verma, 2013). In female freshwater butter catfish, Ompok Bimaculatus (Bloch, 

1794), During resting phase (November to January month), ovary had majority of 

oogonia stage (Htun-Han, 1978a, b). Ovary also represented increasing chromatin 

nucleolus developmental stage. Chromatin nucleolus oocytes developed to early peri-

nucleolus oocyte stage in preparatory phase where this present in majority (Ebisawa, 

1990). Results showed that February to April month represented preparatory phase in O. 

bimaculatus as in other catfish of Northern region (Raghuveer and Senthilkumaran, 

2010). The period May to July month represented as the rapid growth phase of oocytes so 

as the ovary. This period showed pre-spawning phase of female O. bimaculatus annual 

reproduction cycle. Vitellogenesis completed in this phase and follicles accumulated yolk 

to form vitellogenic follicles. Primary oocytes grew rapidly with the incorporation of 

yolk. In preparatory phase, ovaries were dominated by peri-nucleolar oocyte with large 

nuclei and many various sized nucleoli. The nucleoli played an important role in 

vitellogenesis (Malhotra, 1963). The size of nuclei decreased with developing stages of 

the oocytes. The peri-nucleolar stage of oocyte was further transferred in to yolk vesicle 

stage. The growth during pre-spawning phase was mainly due to formation of yolk 

vesicles and deposition of yolk. Yolk vesicles or cortical alveoli were the characteristics 

feature of vitellogenic oocytes (Guraya, 1993). Same changes have been reported in the 

ovaries of several teleostean species (Jadhav and Bapat, 1983; Burton and Idler, 1984). 

Yolk vesicles contained endogenously synthesized lipids and glycoprotein and increased 

the space for incorporation of exogenously synthesized yolk protein (Guraya, 1986; 

Selman et al., 1986).The vitelline membrane appeared commonly at the yolk vesicle 

stage and sometimes at the end of primary oocyte (West, 1990; Unal et al., 1999). The 

spawning period was the month of August for this fish species. During this period, fish 

attained maximum ovary weight, and ovary was full of mature vitellogenic follicles. The 

GSI exhibited increasing trend from February onwards (preparatory phase) and highest in 

August month (spawning phase) which was the indication of large quantity of yolk 

accumulation in mature ova (Hoque and Hossain, 1993; Encina and Lorencio, 1997; Roy 

and Hossain, 2006; Alam and Pathak, 2010). The oocytes diameter was also significantly 

http://www.sciencedirect.com/science/article/pii/S1095643310001467
http://www.sciencedirect.com/science/article/pii/S1095643310001467
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increased during this phase. The germinal vesicle migration and breakdown was the 

important event of oocyte maturation. Yolk globules were coalesced to formed a 

translucent yolk mass. Furthermore, the cytoplasmic content was diluted due to hydration 

thus appeared as translucent and maximum size of oocytes (Foucher and Beamish, 1980).  

This fish showed a small spawning phase different to sister fish O. pabda (Siddiqua et al., 

2000). 

 At the end of this phase, the ovary decreased in weight not only due to ovulation 

or discharge of the eggs, but also due to degeneration of oocytes which was referred to as 

atresia during September month. This post-spawning phase was supported by low GSI 

and OD. Similar observations were reported in different fish species (Lehri, 1968; 

Sivakumaran et al., 2003; Chakraborty et al., 2007). Further GSI was drastically 

decreased in post-spawning and resting phase during month of September onwards. The 

oocyte diameter also registered a sharp fall in September to October month due to atretic 

follicles followed by generation of new oogonia. The lowest value of GSI was a result of 

intense spawning activity (Adamassu, 1996).   

Most of the fish spawn during July month in wild conditions but the present 

investigation found that the best spawning period for freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) was August. In August month, male and female fish spp. had 

highest GSI. This gave us a clue regarding nature adjustment for some fish species to be 

lagging behind during breeding season to reduce interspecies competition for breeding 

ground and later on for survival of young ones (Malla and Banik, 2015). Monthly study 

regarding GSI, morphological and anatomical changes of testis and ovary of O. 

bimaculatus from the Gomati River represents a clear support to annual reproductive 

cycle. This reflected that annual reproductive cycle of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) is a cyclic dynamic process and can be manipulated by 

internal and external parameters. 
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Chapter III 

Induced breeding performance of freshwater 

butter catfish, Ompok bimaculatus (Bloch, 1794) 

with different hormones 

 

ABSTRACT 

The present study was aimed to provide information about induced breeding and 

embryonic development of near threatened freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794). Induced breeding of O. bimaculatus was performed by three different 

commercially available hormones viz., Ovidac, Gonopro-FH and Ovaprim. During the 

experiment, dosage of selected hormones was scanned for successful breeding to get 

most effective concentrations. Both male and female brooders were injected with a range 

of hormones in a single dose. The result showed that 15:5 IU/g body weight dose of 

Ovidac, 0.9:0.2 ml/kg body weight dose of Gonopro-FH and 1.2:0.4 ml/kg body weight 

dose of Ovaprim in female/male were significantly effective dosage which has given best 

response regarding number of eggs ovulated (Ovidac: F=255.5, Gonopro-FH: F=370.29, 

Ovaprim: F=112.54; p < 0.05), fertilization rate (Ovidac: F=47.45, Gonopro-FH: 

F=62.74, Ovaprim: F=64.59; p < 0.05) and hatching rate (Ovidac: F=15.3, Gonopro-FH: 

F=31.21, Ovaprim: F=39.07; p < 0.05). In Ovaprim induced group of fish, the Latency 

period was less (11 hr) as compared to other exogenous hormones viz., Gonopro-FH (12 

hr) and Ovidac (14 hr). The highest significant fertilization rate (92.73±0.64%) and 

hatching rate (89±0.29%) was noticed in effective dose of Ovaprim injected group of fish 

as compared to Gonopro-FH (76.41±0.87% fertilization rate; 70.76±0.35% hatching rate) 
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and Ovidac (68.38±0.51% fertilization rate; 62.24±0.41% hatching rate) (F=269.79, 

F=99.15; p < 0.05). The embryonic development was same in all tested induced 

hormones. By research output It may stated that near threatened freshwater butter catfish, 

Ompok bimaculatus might be breed in captivity like other catfish with Ovaprim which act 

as a most potent exogenous hormone.  

Keywords: Ompok bimaculatus, Ovaprim, Gonopro-FH, Ovidac  

 

1. Introduction 

The freshwater butter catfish, Ompok bimaculatus is commonly known as pabda. 

This spp. has great consumer preference due to its high nutritive value and good taste. In 

general, catfish have an annual reproductive cycle with five to six different reproductive 

phases viz., resting, preparatory, pre-spawning, spawning, post-spawning and spent phase 

(Sundararaj and Vasal, 1976; Lamba et al., 1983). O. bimaculatus was also considered as 

an annual breeder (Chakraborty et al., 2010; Malla and Banik, 2015). In natural 

conditions, they breed during their spawning phase only. Adequate availablilty of fish 

seed is the basic requirement for aquaculture culturist. But to get a regular supply of seed, 

fish culturist may induce them before their breeding period for spawning (Surnar et al., 

2015). Procurement of pure fish seed from a dependable source posed a problem. Seed 

availability from wild condition is usually seasonal and depend on several environmental 

cues, such as fluctuations in food availability, photoperiod, temperature (Bye, 1990) and 

gonadal recrudescence failure, may occur in cultured fish, thus resulted in decreasing 

fecundity and gamete quality of brood stock (Crim, 1991). Unlike major carp fish, catfish 

cannot breed in captivity even after steroid hormone injection (Kiran et al., 2013).  

The captive breeding is an essential requirement for mass seed production, culture 

and management to conserve fish population (Khan and Mollah, 1998; Sarkar et al., 

2006; Vijayakumar, 2010; Banik and Malla, 2014).  Induced spawning enables brooders 

to ovulate under intensive culture conditions and allows the eggs. The techniques of 

induced spawning would help culturists to increase hatchery production. The spawning 
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knowledge of this species is inadequate in India, especially in the North area. The first 

attempt in this direction was made by Khan (1938), who tried to induce spawning of 

Cirrhina mrigala by injecting hormones of anterior lobe of mammalian pituitary gland 

(hypophysation). The earlier pituitary extract was utilized to induced fish for breeding in 

captivity (Zonneveld et al., 1988, Surnar et al., 2015). With the year, several steroids or 

hormones and their combinations were used to induce fish for breeding in captivity (Goos 

et al., 1987; Manickam and Joy, 1989; Surnar et al., 2015). The ever increasing cost of 

donor pituitary and the cumbersome process obliged researchers to use other alternative 

synthetic hormones.  

Now a day’s synthetic hormones and their combinations are available in the 

market to make fish breed in captivity. Among synthetic hormones, human chorionic 

gonadotropin (hCG) (Mollah and Tan, 1983; Zairin et al., 1992; Inyang and 

Hettiarachchi, 1994), luteinizing hormone-releasing hormone (Billard et al., 1984a, b; De 

Leeuw et al., 1985; Fermin, 1992) and ovaprim (Alok et al., 1993; Haniffa et al., 1996) 

were used for induced breeding and have given good results in breeding performance of 

fish (Kahkesh et al., 2010; Surnar et al., 2015). To select best one, fish culturist have to 

pay attention to the latency period, spawning efficiency, fertilization rate and hatchability 

along with survival rate among offspring. Embryonic development is a complicated 

process provides exceptional knowledge about the cellular differentiation and 

proliferation (Marimuthu and Haniffa, 2007). The reproductive biology and 

developmental study give the baseline information for researchers and fish culturist for its 

seed production, management and conservation (Chakrabarty et al., 2008). Modern 

aquaculture aims to provide constant production system with a steady supply of eggs and 

larvae. In aquaculture, this species did not receive much attention due to the insufficiency 

of stock and the shortage of information regarding its breeding knowledge 

(Parameswaran et al., 1970; Banik et al., 2002; Banik and Malla, 2009).   

Several studies are available about reproductive cycle and breeding methods of 

catfish (Sundararaj and Vasal, 1976; Alok et al., 1998; Kiran et al., 2013). But little is 

available for freshwater butter catfish, Ompok bimaculatus (Bloch, 1794), and that is also 
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for restricted regions (Mishra et al., 2013; Malla and Banik, 2015). There are some other 

reports of the successfully induced breeding of catfish in captivity (Zairin et al., 1992; 

Alok et al., 1998; Bhowmik et al., 2000; Sarkar et al., 2005; Chakrabarty et al., 2006). 

Little attempts were made for induced breeding of freshwater butter catfish Ompok 

bimaculatus (Chaudhuri, 1962; Raizada et al., 2013). The objective of the present study 

was to compare and determine the most appropriate commonly used inducing steroid 

hormones for spawning of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794). I 

tried to get the effective dose of inducing steroid hormone for successful breeding for 

aquaculture management and conservation. Also, the study was planned to provide 

detailed embryonic development information of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794). 

 

2. Materials and Methods 

2.1. Chemicals 

Different inducing steroid hormones in the trade name of Ovidac (human 

Chorionic Gonadotrophin; Zydus Pharma Pvt. Ltd.), Gonopro-FH (synthetic 

gonadotropin releasing hormone analogue; APC nutrient Pvt. Ltd.) and Ovaprim 

(synthetic gonadotropin-releasing hormone analogue and domperidone, Western 

Chemical Inc.) were purchased locally from Lucknow, Utter Pradesh, India. All other 

chemicals used in the present experiment were of analytical grade and purchased locally 

from scientific suppliers. 

 

2.2. Animal collection 

The live healthy brooders of freshwater butter catfish, Ompok bimaculatus (adult 

male and female) collected from different sites of the Gomati River, a major tributary of 

Ganga River Basin, Lucknow, with the help of local fisherman during the month of July-

August (early spawning or late pre-spawning phase of the annual reproductive cycle) 

(Figure 27). After collection, fish were brought to the laboratory in wide mouth plastic 
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container with proper care and aeration. They were acclimatized in 200 lt glass aquaria 

containing fresh water having ≈7.5 pH, 5-6 mg/l dissolved oxygen and 24±1
o
C water 

temperature, in the laboratory for two week. Water was renewed daily to remove faecal 

matter and waste metabolite during acclimatization. Fish were fed with dried shrimp 

daily at particular time intervals. 

  

2.3. Induced breeding experiment 

Five female and male healthy brooders were selected for injecting different 

synthetic hormones (Figure 28). The hormones were injected intramuscularly near dorsal 

fin above lateral line with single dose of hormones viz., Ovidac: 8-17 IU/g body weight 

female and 3-5 IU/g body weight male, Gonopro-FH: 0.3-1.2 ml/kg body weight female 

and 0.1-0.2 ml/kg body weight male and Ovaprim: 0.5-1.5 ml/kg body weight female and 

0.2-0.4 ml/kg body weight male). The injected brooders with different hormones kept 

separately in circulating water aquariums (Figure 29). The inducing hormone dose range 

selected as a minimum to maximum to facilitate the female stripping. After the respective 

latency period, the eggs were obtained by applying gentle pressure on the female 

abdomen. The ovulated eggs were put in the fertilization tray and further fertilized with 

sperm suspension which was previously prepared by mincing the testis of healthy male 

fish in 0.4% fish saline (Figure 30). Successful fertilization was achieved with in 30 sec. 

of insemination with milt or sperm suspension. The fertilized eggs were recognized with 

naked eye as the red cap on animal pole was oriented. Then, these eggs were transferred 

into rectangular hatching trays while taking precaution to avoid damage and 

fungal/bacterial contamination during the egg collection process. A continuous flow of 

water was maintained for aeration to ensure the environmental conditions were optimal 

for the hatching process. Fecundity was noted for each group of injected brooders. The 

fertilization and hatching rate was recorded for each group. The experiment was 

performed in triplicates. In experimental set, three number of fish was taken (n=3). The 

fertilization and hatching rate were calculated to know the best inducing hormone, as 

below:  
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Fertilization rate (%) = (No. of fertilized eggs/ Total no. of eggs) × 100 

Hatching rate (%) = (No. of eggs hatched/ Total no. of fertilized eggs) × 100 

 

2.4. Developmental study 

The embryonic development was examined under the Bright field microscope 

(Olympus CX41) using micropublisher 3.3 RTV camera (Qimaging, BC, Canada) at 4X 

magnification. The data were expressed at mean±SEM. The one way analysis of variance 

(ANOVA) was used for overall significance (p < 0.05).  
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Figure 27: Sampling of experimental freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794) from Gomati River, Lucknow, U.P. with the help of skilled fisherman by 

using drag nets. 
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Ompok bimaculatus (Female) 

Ompok bimaculatus (Male) 

Figure 28: Healthy fresh brooders of experimental freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794) sampled from Gomati River, Lucknow, U.P. 
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Figure 29: Injected brooders of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794) in well aerated glass aquaria to complete their latency period. 
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Figure 30:  

(A)Stripping of hormone induced female brooders freshwater butter catfish, 

Ompok bimaculatus (Bloch, 1794) and fertilized with milt of testis 

(B) Fertilized eggs of freshwater butter catfish, Ompok bimaculatus (Bloch, 

1794). 

A 

B 
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3. Results  

Commonly used inducing hormones (Ovidac, Gonopro-FH and Ovaprim) were 

tested for freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) breeding to know 

the best suitable inducer among tested inducers for this fish spp. The present study was 

resulted that all commercially available inducing hormones (Ovidac, Gonopro-FH and 

Ovaprim) were able to induce female fish O. bimaculatus ovulation with stripping in one 

dose only. The male and female fish were injected at the same time for induced breeding. 

The dosage of inducing agents was increased to know the best effective dose for induced 

breeding of O. bimaculatus. The selected range of Ovidac hormone was 8 to 17 IU/g 

body weight for female and 3 to 5 IU/g body weight for male fish (Figure 31). Similarly 

for Gonopro-FH, the range was 0.3 to 1.2 ml/kg of BW of female and 0.1 to 0.2 ml/kg of 

body weight of male respectively (Figure 32). In case of Ovaprim, the female fish was 

induced with varied range from 0.5 to 1.5 ml/kg of body weight and 0.2 to 0.4 ml/kg of 

body weight for male fish (Figure 33). By latency period, fecundity (number of ovulated 

eggs) and fertilization rate, the effective dosage of various hormones were as for 

Ovaprim, 1.2:0.4 ml/kg; Gonopro-FH, 0.9:0.2 ml/kg and Ovidac, 15:5 IU/g of body 

weight for female/male brooder in each respective group (Figure 31-33). 

 The current study provided a range of optimum dose of different hormones at 

which fish was spawned by stripping method i.e., Ovidac: 10-15 IU/g for female and 4-5 

IU/g for male; Gonopro-FH: 0.5-0.9 ml/kg for female and 0.1-0.2 ml/kg for male; 

Ovaprim: 0.7-1.2 ml/kg for female and 0.3-0.4 ml/kg body weight male; Figure 31-33). 

The latency periods were different as per the inducing agents. The latency period was 

decreasing with increase in hormone dose in female with all three hormones. The 

Ovaprim injected group of fish showed 11 hr of latency period as compared to Gonopro-

FH (12 hr) and Ovidac (14 hr). The number of ovulated eggs were significantly increased 

with increasing dose of hormones (Ovaprim: F=112.54, Gonopro-FH: F=370.29, Ovidac: 

F=255.5; p < 0.05). The maximum number of eggs were noticed in Ovaprim injected 

brooders (14945.88±421.5 at 1.2:0.4 ml/kg body weight: female/male) as compared to 

other synthetic hormones viz., Ovidac (8997.51±311.8 at 15:5 IU/kg body weight: 
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female/male) and Gonopro-FH (10233.32±398.7 at 0.9:0.2 ml/kg body weight: 

female/male) (Figure 31-33: A). The fertilization rate was significantly increased with 

respective increasing dose of hormones (Ovaprim: F=64.59, Gonopro-FH: F=62.74, 

Ovidac: F=47.45; p < 0.05). The fertilization rate was significantly higher in Ovaprim 

injected brooders i.e., 92.73±0.64% as compared to Gonopro-FH injected fish 

(76.41±0.87%) and Ovidac (68.38±0.51%) (F=269.79; p < 0.05). Later after 24 hr of 

fertilization, the hatching was occurred. Same pattern of increasing was recorded in 

hatching rate. It was also significantly increased with different doses of different 

hormones (Ovaprim: F=39.07, Gonopro-FH: F=31.21, Ovidac: F=15.3; p < 0.05). The 

hatching rate was ranged from 62.24±0.41% to 89±0.29% depend upon the inducing 

hormones (Ovaprim, Gonopro-FH and Ovidac). The Ovaprim showed significantly 

highest hatching rate (89±0.29%) followed by Gonopro-FH (70.76±0.35%) and 

comparatively less in Ovidac (62.24±0.41%) (F=99.15; p < 0.05) (Figure 31-34).  

The embryonic development was started after eggs fertilization (Table 13). 

Further developmental stages were more or less similar in all tried induced breeding 

groups (Figure 35). The fertilized eggs were transparent with light brown in color, and 

unfertilized eggs were creamy white in color. The blastodisc formed after 8 min. of 

fertilization as a crescent- shaped light area towards the animal pole of egg (Figure 35A). 

The first cleavage or 2-celled stage was noticed at 30 min (Figure 35B), followed by 4- 

and the 8-celled stage formed at 45 min and 60 min after fertilization (Figure 35C, D). 

The 16-celled stage was visible at 75 min after fertilization (Figure 35E). In continuous 

embryonic development, the 32-celled and 64-celled stage was at 85 min and 95 min 

after fertilization (Figure 35F, G). The morula stage was found in 2:20 hr (Figure 35H). 

At the blastula stage, blastoderm cells covered one-third of the eggs space. It was seen at 

3:45 h after fertilization (Figure 35I). The yolk plugged stage reached at 5:20 hr. At this 

stage, blastoderm cells increased rapidly in number and spread over the yolk to form this 

stage. At the later development, the thick portion of the embryo was formed at one end 

which known as the cephalic region and another thin portion was called tail region 

(Figure 35J). The hatching took place after 23 hr of fertilization (Figure 35K). The newly 

hatched larva was slender, transparent with large yolk liquefied at anterior side. At this 
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stage, larva had a distinct cephalic region with the brain, trunk with heart and alimentary 

canal and clear long tail that helps in movement (Figure 35L). Second-day larva had a 

clear liquefied yolk. At this stage, pigmentation was in cephalic and trunk region Larvae 

had a big eye and stumpy barbels, movement with the tail only (Figure 35M). Third-day 

larvae had the little yolk, operculum with gill, and distinguished barbels. Pigmentation 

increased to the whole body. Now, mouth opening and fin folds were clearly visible 

(Figure 35N). After three days of hatching, larva converted into fry stage (Figure 35O). 

Fry was an active fast swimmer and voracious eater (Figure 35O, P).    
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Figure 31: The latency period, number of ovulated eggs, latency period (hr), 

fertilization rate (%) and hatching rate (%) of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) induced by different dosages of Ovidac hormone. Data 

were expressed in mean±SEM. Value were analysed by one way ANOVA (p < 0.05). 
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Figure 32: The latency period, number of ovulated eggs, latency period (hr), 

fertilization rate (%) and hatching rate (%) of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) induced by different dosages of Gonopro-FH 

hormone. Data were expressed in mean±SEM. Value were analysed by one way 

ANOVA (p < 0.05). 
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Figure 33: The latency period, number of ovulated eggs, latency period (hr), fertilization 

rate (%) and hatching rate (%) of freshwater butter catfish, Ompok bimaculatus (Bloch, 

1794) induced by different dosages of Gonopro-FH hormone. Data were expressed in 

mean±SEM. Value were analysed by one way ANOVA (p < 0.05). 
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Figure 34: Fertilization rate (%), hatching rate (%) and latency period (hr) of freshwater 

butter catfish Ompok bimaculatus (bloch, 1794) induced by effective dosage of three 

hormones (Ovaprim: 1.2:0.4 ml/kg body weight of female/male, Gonopro-FH: 0.9:0.2 

ml/kg body weight of female/male and Ovidac: 15:5 IU/g body weight of female/male). 

Data were expressed in mean±SEM. Value were analysed by one way ANOVA (p < 

0.05). 
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Table 13: Embryonic development of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794).  

 

 

 

 

 

S. 

No. 

Parameters Development 

time (hr:min) 

1 Fertilization 0 

2 Blastodisc formation  0:08 

3 2 celled stage 0:30 

4 4 celled stage 0:45 to 0:50 

5 8 celled stage 0:60 

6 16 celled stage 1:15 

7 32 celled stage 1:25 

8 64 celled stage 1:35 

9 Morula stage 2:20 

10 Blastula stage 3:45 

11 Yolk plugged stage 5:20 

12 Kidney shaped stage 7:40 

13 Hatchling 23:00 
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Figure 35: Developmental stages of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794) showing; A: Fertilized egg, B: 2 celled stage, C: 4 celled stage, D: 8 celled 

stage, E: 16 celled stage, F: 32 celled stage, G: Morula stage, H: Blastula stage,  I: Yolk 

plugged stage, J: Kidney shaped stage, K: New hatched larva, L: 1 day old hatched larva, 

M: 2 days old hatched larva, N: 3 days old hatched larva, O: 7 days old hatched larva, P: 

Hall of fry. 
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4. Discussion 

For the better conservation of freshwater butter catfish, Ompok bimaculatus 

(Bloch, 1794) and an effort toward its population management strategy, induced breeding 

was performed with stripping method. Induced breeding is a technique whereby brooders 

are stimulated by using different synthetic hormones. This stimulation through hormones 

promotes timely release of sperms and eggs (Murthy et al., 2013). In the present study, 

three different hormones (Ovidac, Gonopro-FH and Ovaprim) were compared for better 

breeding results. These hormones were commonly available in markets. All these 

hormones were able to induce the experimental fish for breeding with the differences in 

their latency period, fecundity, fertilization rate and hatching rate. There were many 

studies who conducted successfully induced breeding of many fish (Nandeesha et al., 

1990a, b, c; Haniffa et al., 1996; Kumar et al., 2010; Sharma et al., 2010; Singh et al., 

2012; Loh and Ting, 2015). 

The results showed that increasing hormone stimulus dose in male reflect with an 

increase in fertilization rate and the hatching rate in all groups. It supports the idea of 

male gamete preparation and quality improvement by the inducer hormones (Shinkafi 

and Ilesanmi, 2014; Yasui et al., 2015). Recently fish culturists are trying to make them 

breed in captivity naturally after application of spawning inducer like major carp (Sarkar 

et al., 2005; Ali et al., 2014; Rahman et al., 2013; Raizada et al., 2013). In the current 

study, inducing hormones were used in both male and female to just synchronize gamete 

maturation in the individual case (Targonska et al., 2011). The different combinations of 

inducing agents or hormones were tried. In male, the mild dose was selected as compared 

to female to get the best result in each group. Increase in hormone dosage caused 

decrease latency period, increased fecundity, and fertilization and hatching rate. Similar 

findings were reported by other researchers viz., Salami et al. (1994), Sarkar et al. (2005), 

Purkayastha et al. (2012). In higher concentration of hormone, female showed plug stage 

in all sets and was unable to ovulate and ultimately died. It supported that higher 

hormone level in fully mature fish caused severe stress and made them unable to spawn 

(Sahoo et al., 2008; Fernandez-Palacios et al., 2014). Sub-optimal dose (insufficient 
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lower hormonal dose) of inducing hormone having female were also unable to ovulate 

(Raizada et al., 2013; Fernandez-Palacios et al., 2014).  

The latency period in the present study was 11 hr for Ovarprim, 12 hr for 

Gonopro-FH and 14 hr for Ovidac at their respective effective dose. The latency period 

was high for Ovidac hormone with the effective dose (15:5 IU/g body weight). In lower 

dose of hormones, the latency period was observed to more whereas in higher dosage, 

latency period was less. Similar observations were also reported by Habibi et al. (1989). 

Francis (1996) also reported high latency period for H. fossilis and Clarias batrachus due 

to low potency of Ovidac (Legendre, 1986). Billard et al. (1984b) and Peter et al. (1986) 

found that differences in dose requirement may be attributed to varied level of dopamine 

activity in different species of fish. O. bimaculatus required a threshold quantity of 

hormone to increase their fecundity power. This inducer value may vary according to 

place and fish stage (Shinkafi and Ilesanmi, 2014; Mishra et al., 2016; Sarkar et al., 

2017). It supports the release of required steroid to promote oocyte maturation (MIS) and 

ovulation (progesterone and corticosterone) within the female body to help smooth and 

complete spawning (Sharaf, 2012; Fernandez-Palacios et al., 2014; Mohammadian et al., 

2015).  

The fertilization rate and hatching rate were also high in Ovaprim treated group of 

fish. Same reports of higher fertilization rate with Ovaprim treatment were observed by 

Nandeesha et al. (199a, b, c), Haniffa and Sridhar (2002) and More et al. (2010). The 

result showed that Ovaprim was the best hormone for induced breeding in freshwater 

butter catfish, Ompok bimaculatus (Bloch, 1794). The synthetic hormone, Ovaprim gave 

best results (Nandeesha et al., 1990a, b, c, 1993; Alok et al., 1993; Sarkar et al., 2005). It 

may be due to its combination that includes domperidone in addition to gonadotropin. 

This combination will facilitate oocyte maturation and provide ease in ovulation 

(Acharjee et al., 2016). Differences in the fertilization rate can be attributed to the 

differences in hormonal dosage, size of brooders and seasonal environmental variations 

(Gheyas et al., 2002; Nwokoye et al., 2007; Haniffa and Sridhar, 2002).  
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The embryonic development pattern of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) from fertilized ovum to fry was similar with all inducing 

agents as in other studies. The mild difference in duration of organogenesis may be due to 

the difference in the local environment (Rahman et al., 2004; Chakrabarty et al., 2008; 

Sarma et al., 2012a, b). Similar observation was also reported in Ompok bimaculatus 

(Bloch, 1794) (Chaudhuri, 1962; Parameswaran et al., 1967) and Ompok pabda by 

(Chakrabarty et al., 2007). Several other reports were available on various levels of 

success in induced breeding of many Indian fish under captivity (Ramaswamy and 

Sunderraj, 1969; Zairin et al., 1992; Alok et al., 1993, 1998, Sridhar et al., 1998; 

Bhowmik et al., 2000; Haniffa et al., 2001; Chakrabarty et al., 2006). This research will 

help in understanding the possibility of choosing the synthetic hormones for inducing the 

brooders for successful breeding and better aquaculture management for freshwater butter 

catfish spp. Ompok bimaculatus.  
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Consolidated Summary and conclusion 

 

 

The freshwater teleost, Ompok bimaculatus (Bloch, 1794), is commonly known as 

butter catfish. It is common Asian region fish. But due to anthropogenic activities, its 

population is decreasing. Now this fish spp. is listed as near threatened species in IUCN 

Red data book. Due to its delicious taste and for sustainable catching purpose its culture 

practice is strongly recommended.   

The present work dealt with the exploration of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) from different Indian Rivers (Betwa, Brahmaputra, Cauvery, 

Chambal, Ganga, Ghaghara, Godavari, Gomati, Hooghly, Krishna, Mahanadi, Narmada, 

Ramganga, Sharda, Sone, Subarnarekha, and Tapti). The study was focused on morpho-

metric and reproductive parameters. The result suggested that Narmada River has the best 

sample of Ompok bimaculatus on body weight and depth, total length, fork length, 

standard length, gonadal weight, gonadosomatic index, ovarian protein and fecundity. 

However, oocyte weight was higher in Krishna River sample, and oocyte diameter was 

larger in Cauvery sample. Changes in gonadosomatic index (GSI), ovarian protein and 

histology observed in preparatory, pre-spawning and spawning phase of the reproductive 

cycle. GSI and ovarian protein concentration distributions were correlated significantly (p 

< 0.05) by linear regression analysis. The observation of fish sampled from different 

rivers showed that Narmada River has better adaptive condition for growth and breeding 

of O. bimaculatus in comparison of others rivers.  

To promote the culture of freshwater butter catfish, Ompok bimaculatus (Bloch, 

1794) in North India, sampled from Gomati River, the study of its annual reproductive 

biology is important. Among reproductive parameters, GSI was progressively increased 

with the gonadal maturation. It was increased significantly in July, and reached its peak 

point in August month. The lowest value was recorded in November month (p < 0.001). 

The GSI data also got support from annual macroscopic and microscopic details of 

gonads. The GSI significantly correlated with the physico-chemical characteristics of 
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Gomati River water. The annual reproductive cycle of freshwater butter catfish, Ompok 

bimaculatus (Bloch, 1794) was described in five phases viz., resting phase (November-

January), preparatory phase (February-March), pre-spawning phase (April-July), 

spawning phase (August) and post-spawning phase (September-October). 

Induced breeding of freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) 

in Lucknow was performed by three different commercially available hormones viz., 

Ovaprim, Gonopro-FH and Ovidac. Both male and female brooders injected with a range 

of hormone in a single dose. Ovaprim has emerged best with less latency period and 

higher fertilization and hatching rate. The further embryonic development was alike for 

all tested induced steroid hormones. The result showed that near threatened freshwater 

butter catfish Ompok bimaculatus might breed in captivity like other catfish with ovaprim 

as a most potent exogenous hormone. 

In conclusion, this attempt has been made to study the fish spawning biodiversity 

and to find out whether the environmental factors of rivers from different ecological 

regimes could be related to reproductive maturity. Despite the importance of the species 

of high conservation and commercial value, no published account on its spawning 

efficiency has been carried out with respect to the environmental factors. From the output 

of this research, it can be stated that the local area aquatic atmosphere plays an important 

role in the species specification and can affect their reproductive performance so as to 

their survival. This present study is necessary to a better understanding of the 

reproductive biology of this fish in the northern region to adopt breeding practices which 

is very important for sustaining the aquaculture, management and conservation of this 

near threatened freshwater butter catfish, Ompok bimaculatus (Bloch, 1794) in the 

country.  
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